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INTRODUCTION 


The  Columbia-North  Pacific  Region  covers  about  174  million 
acres  in  the  states  of  Washington,  Oregon,  and  Idaho;  western 
Montana;  and  small  portions  of  Wyoming,  Utah,  and  Nevada.  In  terms 
of  water  drainage,  it  includes  the  Columbia  River  Basin,  Puget 
Sound,  the  coastal  drainages  of  Oregon  and  Washington  and  the 
Oregon  portion  of  the  Great  Basin.  The  major  physiographic  prov- 
inces are  the  Coast  Range,  Puget  Sound-Willamette  Valley  Trough, 
Cascade  Range,  Columbia  Plateau,  Blue  Mountains,  Oregon  Closed 
Basin,  Snake  River  Plain,  and  Northern  Rocky  Mountains. 

The  climate  of  the  region  is  primarily  modified  continental, 
with  the  exception  of  the  strip  west  of  the  Cascades,  which  is 
relatively  warm  and  humid  as  a result  of  the  maritime  influence. 
From  the  crest  of  the  Coast  Range,  where  rainfall  exceeds  200 
inches,  annual  precipitation  decreases  to  about  35  inches  in  the 
Puget  Sound-Willamette  Trough,  then  rises  again  to  100  inches  or 
more  toward  the  crest  of  the  Cascade  Range.  About  two-thirds  of 
the  year's  total  falls  during  the  October  to  March  period.  East 
of  the  Cascade  Range,  precipitation  decreases  rapidly  to  10  inches 
or  less  in  the  valleys  and  plateaus.  The  mountain  areas  have 
higher  total  precipitation  of  40  to  50  inches--much  of  it  as  snow. 
Two  large  elevated  plateaus,  the  Snake  River  Plain  and  the  Columbia 
Plateau,  receive  from  10  to  20  inches  of  precipitation. 


West  of  the  Cascade  Range,  temperatures  in  the  lower  areas 
range  from  a January  average  of  36  F (2°  C)  to  a July  average  of 
62  F (17  C).  Except  in  the  southern  interior  valleys,  tempera- 

tures above  100  F (38  C)  are  rare.  Temperatures  below  0 F 
(-18  C)  have  gccurred,  but  in  the  lower  valleys  temperatures  be- 
low 10  F (-17  C)  are  unusual.  The  average  frost-free  season  is 
from  200  to  240  days,  covering  the  period  from  April  to  November. 
Mountain  areas  are  cold  the  year  around  and  have  a much  shorter 
growing  season.  East  of  the  Cascade  Range,  temperature  patterns 
are  quite  different.  Average  January  temperatures  range  from 
20°  F (-7°  C)  in  the  mountains  to  32°  F (0°  C)  in  the  warmest  val- 
ley areas,  and  average  July  temperatures  similarly  range  from 
60  F to  76  Fq(16  to  24  C) . At  most  stations,  temperatures 

well  above  100  qF  (38  C)  have  been  recorded  in  summer,  and  tem- 
peratures of  -30  F (-34  C)  are  fairly  common  in  winter,  with  some 
below  -50  F (-46  C)  having  been  recorded.  In  the  mountains  and 
in  the  Oregon  Closed  Basin,  the  frost-free  growing  season  is  gen- 
erally less  than  100  days,  from  mid-June  to  mid-September.  In  the 


valleys  and  on  the  Columbia  Plateau,  the  frost-free  season  is  140 
to  200  days  long,  from  late  April  to  late  September. 

Almost  half  of  the  land  area  in  the  region  is  in  forests. 
Nearly  one-third  is  rangeland;  about  one-tenth  is  used  for  crop  or 
other  agricultural  land;  and  less  than  five  percent  represents 
municipal,  railroad,  highway,  and  other  miscellaneous  uses.  The 
important  land  areas  which  support  the  more  intensive  farm  and 
rangelands  and  major  concentrations  of  population  are  the  Puget 
Sound-Willamette  lowland,  the  Yakima  Valley,  the  Columbia  Plateau, 
and  the  Snake  River  Plain.  There  are  several  small  but  important 
valleys  such  as  the  Bitterroot,  Flathead,  and  Okanogan. 

The  economy  of  the  Columbia-North  Pacific  Region  has  been 
largeTy  influenced  by  the  development  of  natural  resources.  The 
most  important  single  category  of  economic  development  has  been 
the  harvesting  of  products  grown  on  the  land.  These  products  in- 
clude those  from  forestry  and  agriculture.  Lumber  and  wood  prod- 
ucts, food  and  kindred  products,  and  paper  and  allied  products 
constitute  the  major  classes  of  manufacturing  activity.  Transpor- 
tation equipment  is  also  an  important  activity  as  a result  of  the 
Boeing  airplane  manufacturing  operations.  The  primary  metals 
industry  is  the  next  most  important  industrial  activity. 

In  1965,  the  population  of  the  region  was  about  5.9  million 
persons.  Nearly  two-thirds  of  the  population  lived  in  the  area 
west  of  the  Cascade  Mountains,  which  constitutes  less  than  a fourth 
of  the  total  land  area.  Approximately  62  percent  of  the  population 
resided  in  34  major  service  areas.  1/  The  distribution  of  the 
population  by  urban,  rural,  and  rural  non-farm  classifications 
has  closely  followed  the  national  pattern.  The  trend  has  generally 
been  an  increase  in  urban,  a decrease  in  rural  farm,  and  an  increase 
in  rural  non-farm  population. 

For  purposes  of  the  Type  1 Study,  the  region  is  divided  into 
12  subregions  delineating  major  watersheds  or  groups  of  watersheds, 
and  in  most  cases  including  more  than  one  large  stream  (figure  1) . 
Many  of  these  subregions  are  further  divided  in  terms  of  subbasins 
and  major  service  areas.  Each  of  the  subbasins  contains  major 
water  developments  and  warrants  special  consideration  for  this 
study. 


In  contrast  to  conditions  in  many  other  parts  of  the  Nation, 
water  quality  in  the  Columbia-North  Pacific  Region  is  still  gener- 
ally very  good,  with  vast  quantities  of  relatively  unpolluted  water 
available.  At  the  same  time,  however,  serious  pollution  problems 
do  exist  in  various  parts  of  the  region,  resulting  in  deterioration 

TJ  See  glossary. 
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of  the  quality  of  water  supplies,  damage  to  sport  and  commercial 
fisheries,  and  undesirable  public  health  and  aesthetic  conditions. 

. 

The  purpose  of  this  appendix  is  to  present  the  current 
status  of  water  quality  and  pollution  control  in  the  Pacific  North- 
west; to  project  future  water  quality  management  needs;  and  to 
discuss  the  means  to  satisfy  those  needs. 

Continuing  changes  in  pollution  sources  and  water  quality 
make  it  impossible  to  publish  a report  with  the  up-to-date  infor- 
mation; therefore,  it  was  necessary  to  establish  a base  year  for 

the  data.  The  base  year  of  1965  was  used  for  waste  discharge 
inventories  and  population  discussions.  Other  sections  of  the 
report  were  updated  to  1968  where  possible.  Due  to  the  necessity 
for  establishing  a base  year,  there  are  some  instances  where  the 
dates  quoted  for  implementation  of  pollution  control  measures 
have  already  passed.  Implementation  plans  have  been  considered 
in  all  projections. 

In  a report  o£  this  type,  current  conditions  can  only  be 

used  as  an  indication  of  general  problem  areas  and  as  a base  upon 

which  to  make  future  projections.  The  reader  is  cautioned  to  con- 
sider this  limitation  when  using  information  contained  in  this 
report . 
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PRESENT  STATUS 


Stream  Characteristics 

Stream  characteristics  are  the  key  element  of  any  water 
quality  formulation.  Because  of  the  relationship  of  streamflows 
to  water  quality,  an  understanding  of  surface-water  hydrology  and 
streamflow  characteristics  is  fundamental  to  water  quality  manage- 
ment. Water  quality  is  a dynamic  phenomenon  which  constantly 
evolves  and  is  modified  in  the  interaction  of  a variety  of  factors. 

Runoff,  seasonal  flow  variations,  and  the  cycle  of  drought  and 
flood  make  up  the  matrix  which  is  the  background  of  water  quality 
conditions . 

Surface-Water  Hydrology 

The  quantity  of  water  available  for  dilution  and  assimila- 
tion of  pollutants  is  the  first  item  considered  relative  to  the 
effects  of  discharged  wastes.  In  general,  the  water  resources  of 
the  Pacific  Northwest  represent  one  of  the  Nation's  outstanding 
water  supplies  and  one  possessing  favorable  relationships  between 
yields  and  withdrawals.  The  average  discharge  from  the  Columbia- 
North  Pacific  Region,  including  74,000  cfs  inflow  from  Canada,  is 
about  384,000  cfs,  or  278  million  acre-feet  per  year  for  the  per- 
iod 1929-1958. 

In  spite  of  the  apparent  large  total  supply,  water  is  not 
always  available  where  and  when  it  is  needed  to  meet  requirements. 

Extreme  variations  occur  in  the  areal  distribution  of  annual  run- 
off. West  of  the  Cascade  Range,  precipitation  generates  an  aver- 
age annual  runoff  that  exceeds  40  inches.  The  major  part  of  the 
runoff  occurs  in  winter  and  is  closely  related  to  precipitation. 

In  the  eastern  portion  of  the  region,  most  precipitation  occurs  in 
the  form  of  snow,  and  streamflows  are  maximum  during  the  spring 
and  early  summer  when  the  snow  melts. 

Studies  to  predict  recurrence  frequencies  of  critical  low 
flows  are  based  upon  recorded  and  correlated  flows  adjusted  to  ■ 

reflect  expected  reservoir  regulation  in  1970.  Design  criteria 
for  determining  the  need  and  value  of  flow  regulation  for  water 
quality  control  include  a probable  drought  recurrence  interval  of 
one  in  ten  years.  Prom  the  standpoint  of  waste  discharge  control, 
the  low- flow  months  of  July,  August,  September,  and  October  are 
the  most  important.  In  most  of  the  region,  August  is  the  critical 
month . 
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Impoundments  and  Stream  Regulation 

There  are  more  than  160  reservoirs  in  the  region,  each  with 
an  active  storage  capacity  greater  than  5,000  acre-feet.  The  total 
active  storage  capacity  is  approximately  40  million  acre-feet.  The 
purposes  for  which  this  storage  has  been  allocated  are  municipal, 
power,  flood  control,  recreation,  irrigation,  and  fish  and  wildlife 
conservation.  Almost  no  storage  is  authorized  for  water  quality 
control,  although  incidental  benefits  result  from  releases  for 
other  purposes. 

When  a free-flowing  stream  is  impounded,  the  modification  of 
its  physical  and  chemical  properties  and  biological  populations 
results  in  changes  in  the  quality  of  water.  The  changes  in  quality 
that  occur  during  storage  can  be  beneficial  or  detrimental  to  water 
within  the  reservoir  and  downstream.  Beneficial  effects  resulting 
from  reduced  stream  velocities  include  settling  of  suspended  mate- 
rials and  increased  time-of-travel , permitting  die-away  of  bacteria. 
This  situation  seems  to  occur  in  Brownlee  Reservoir  on  the  Snake 
River.  Another  beneficial  aspect  is  the  lower  downstream  tempera- 
tures that  occur  from  low-level  releases  of  cool  water.  A detri- 
mental effect  is  thermal  stratification,  preventing  reaeration  of 
lower  levels  as  organics  settle  out,  decay,  and  deplete  bottom 
dissolved  oxygen  concentrations.  Releases  from  low-level  outlets 
can  reduce  downstream  dissolved  oxygen  concentrations.  Releasing 
water  over  spillways  at  dams  may  cause  nitrogen  supersaturation  in 
the  water  resulting  in  a condition  toxic  to  migrating  fish.  The 
stimulation  of  algal  growth  is  another  adverse  effect  of  impound- 
ments. Warm  surface  temperatures  and  increased  depth  of  light 
penetration  through  the  clear  waters  of  reservoirs  contribute  to 
prolific  algal  growths,  particularly  when  abundant  quantities  of 
nutrients  are  available--such  as  nitrogen  and  phosphorus.  These 
biological  organisms  create  nuisance  conditions  and  affect  the 
dissolved  oxygen  (DO)  concentration  through  thbir  photosynthetic 
activity  and  decomposition.  Algal  problems  are  most  prevalent  in 
the  many  reservoirs  on  the  Snake  River;  in  Fern  Ridge,  Cottage  Grove, 
and  Lookout  Point  Reservoirs  in  the  Willamette  Subregion;  and  in 
Moses  Lake  in  the  Upper  Columbia  Subregion. 

The  extensive  level  of  development  that  has  been  imposed 
upon  the  waters  of  the  region  makes  the  effects  of  impoundments  an 
important  feature  of  the  water  quality  situation.  However,  exami- 
nation of  impoundments  with  regard  to  quality  has  been  very  limited. 

Stream  management  is  an  important  factor  affecting  water 
quality,  since  quality  is  related  to  the  amount  of  water  available. 
Occurrence  of  low  flows  critical  to  quality  control  is  in  part  a 
result  of  the  management  regimen  of  the  region's  waters.  Low  flows 
are  frequently  the  result  of  withholding  water  to  build  up  storage 
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or  the  actual  diversion  of  a significant  part  of  a stream  for  irri- 
gation. Existing  reservoirs  in  the  region  do  not  have  storage  spec- 
ifically allocated  to  water  quality  control;  however,  streamflow 
provided  for  other  purposes  is  often  of  considerable  assistance  in 
improving  water  quality. 


Pollution  Sources 


At  the  present  time,  municipalities  and  industries  in  the 
Columbia-North  Pacific  Region  produce  wastes  equivalent  to  those 
from  a population  of  40.8  million  persons.  Municipal  wastes  total 
about  5.53  million  PE,  and  industrial  wastes  equal  those  from  an 
additional  population  of  about  35.28  million  people.  Of  the  total 
wastes  generated  in  the  region,  64.4  percent  are  from  the  pulp  and 
paper  industry,  20.4  percent  from  the  food-processing  industry, 
13.6  percent  from  municipal  sources,  and  1.1  percent  from  the  lum- 
ber and  wood  products  industries.  The  remaining  0.5  percent  is 
from  other  miscellaneous  industries. 

Table  1 summarizes  municipal  and  industrial  waste  treatment 
sources  and  treatment  practices  in  the  region.  Figures  1 and  2 
present  a graphical  summary  of  municipal  and  industrial  waste 
production  and  discharge  for  each  subregion.  Population  equiva- 
lents (PE)  refer  only  to  oxidizable  organic  material  in  the  waste 
and  do  not  take  into  account  other  pollution  characteristics  that 
may  be  of  equal  or  greater  importance. 


Table  1 - Inventory  of  Municipal  and  Industrial  Wastes,  Columbia-North  Pacific  Region!/ 


Number 

of 

Plants 

Population 

Served 

Population 

Produced 

Equivalents 
f'i  s charged 

Removal 

Efficiency 

% 

Present  Municipal 

Was  ft-  Treatment 

Primary 

161 

1 .'-4.683 

2.596.175 

1 ,570,805 

40 

Secondary 

195 

99'. 015 

2.415.820 

490 . 770 

80 

Lagoons 

132 

288,090 

397.010 

77,615 

81 

Other 

77 

10'. 931 

1 25. "60 

9', 530 

23 

Region  Total 

565 

5,16'. "19 

5.534.-65 

2,236.-20 

60 

Present  Industrial 

Waste  Treatment 

Pulp  and  Paper 

4" 

26.304.540 

19,383,550 

26 

Food  Products 

253 

8,309.240 

2.981 .385 

64 

Lumber  and  Wood 

Products 

90 

437.920 

154,500 

65 

Mi  see  l laneous 

87 

234,815 

101.280 

57 

Region  Total 

477 

35.286,515 

22,620,715 

36 

I J FWPCA  inventory  of  Municipal  and  Industrial  Wastes,  1965 

Inventory  for  -uh regions  9 and  11  from  respective  Type  2 Study,  1970 


Waste  treatment  and  other  means  of  waste  reduction  decrease 
the  total  waste  strength  by  about  37.7  percent,  so  that  25.85  mil- 
lion population  equivalents  are  released  to  waterways.  Municipal- 
ities accomplish  an  average  removal  efficiency  of  60  percent, 
resulting  in  a waste  loading  of  2.23  million  PE.  Industries  re- 
move only  36  percent  of  their  average  waste  loads  so  that  22.62 
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million  PE  are  discharged.  The  pulp  and  paper  and  food-processing 
industries  account  for  19.38  and  2.98  million  population  equivalents, 
respectively. 

Irrigation  and  land-use  practices  are  important  sources  of 
inorganic  loadings  and  are  also  responsible  for  relatively  small 
organic  waste  loadings.  The  magnitude  of  these  wastes  cannot  be 
readily  identified.  The  rural  population  and  agricultural  animals 
are  sources  of  organic  wastes.  The  actual  quantities  of  wastes 
reaching  waterways  are  not  considered  to  be  large,  but  they  can 
lead  to  localized  pollution  problems.  Natural  sources,  navigation 
and  dredging,  and  recreation  are  relatively  minor  pollution  sources. 

Municipal 

Municipal  sewage  is  the  water-carried  waste  from  residential, 
public,  commercial,  and  minor  industrial  sources  discharged  into  a 
collection  system  for  transport  to  a central  treatment  and/or  dis- 
charge point.  Amounts  and  strength  of  residential  wastes  are  bas- 
ically related  to  the  population  served  by  sewage  collection  fac- 
ilities, but  additional  loads  may  be  discharged  to  the  system  by 
commercial  and  industrial  establishments.  These  wastes  cause  the 
total  load  to  vary  from  a norm  and  may  also  cause  significant 
seasonal  fluctuation.  Quantity  and  strength  of  wastes  are  influ- 
enced by  infiltration  of  ground  water  into  sanitary  sewers  and 
storm-water  inflow  to  combined  systems,  both  of  which  may  cause 
bypassing  of  raw  wastes  directly  to  the  river  during  periods  of 
excessive  sewer  flow. 

In  1965  there  were  565  municipal  sewer  systems  serving  a 
population  of  5,167,719  in  the  Columbia-North  Pacific  Region.  This 
represents  about  53  percent  of  the  region's  total  population. 
Approximately  86  percent,  or  485,  of  the  waste  collection  systems 
have  some  type  of  conventional  treatment  before  discharge,  including 
195  with  secondary  treatment,  161  with  primary  treatment,  and  132 
with  lagoons  or  oxidation  ponds  (table  1). 

The  total  municipal  waste  strength  generated,  including 
wastes  from  a number  of  food-processing  and  other  industries  dis- 
charging to  municipal  systems,  is  equivalent  to  that  from  a popu- 
lation of  5,534,765  persons.  Treatment  reduces  the  organic  oxygen- 
demanding  waste  load  by  60  percent,  so  that  approximately  2,236,720 
population  equivalents  are  released  to  region  waterways.  The  major 
effects  of  municipal  wastes  have  been  bacterial  contamination  and 
oxygen  depression  in  the  streams.  Other  adverse  influences  include 
buildup  of  excessive  nutrients,  color,  toxicants,  and  solids. 

Figure  1 ['resents  a graphic  summary  of  municipal  waste  pro- 
duction and  discharge  for  each  subregion.  As  could  be  expected,  the 
municipal  waste  production  is  closely  related  to  population.  Only 


in  the  Upper  Snake,  Central  Snake,  Willamette,  and  Lower  Columbia 
Subregions  do  waste  strengths  differ  considerably  from  the  number 
of  people  served  by  municipal  sewers.  In  the  Upper  Snake,  Central 
Snake,  and  Willamette  Subregions,  this  condition  exists  because  a 
number  of  food-processing  and  other  industries  discharge  waste 
waters  to  municipal  sewer  systems.  In  the  Lower  Columbia  this 
results  from  the  fact  that  the  city  of  Portland  in  the  Willamette 
Subregion  discharges  to  the  Lower  Columbia. 

The  subregions  [8-11)  west  of  the  Cascade  Range  produce 
about  3.5  million  population  equivalents,  or  63.6  percent  of  the 
regional  municipal  total;  and  discharge  about  1.6  million  popula- 
tion equivalents,  or  72.7  percent  of  the  regional  total,  to  the 
receiving  streams.  The  heavily  populated  Willamette  and  Puget 
Sound  Subregions  generate  about  2.6  million  PE,  or  47.2  percent 
of  the  regional  total.  The  Puget  Sound  Subregion  discharges  33.6 
percent  of  the  regional  waste  load,  or  slightly  more  than  740,000 
PE.  The  Lower  Columbia  (including  the  city  of  Portland)  discharges 
nearly  370,000  PE. 

East  of  the  Cascade  Range,  the  largest  municipal  waste 
production  is  in  the  Clark  Fork-Kootenai-Spokane,  Central  Snake, 
and  Upper  Snake  Subregions,  which  generate  about  411,580,  509,000, 
and  256,000  PE,  respectively.  The  largest  municipal  waste  dis- 
charges occur  in  the  Upper  Snake  and  Clark  Fork-Kootenai-Spokane 
Subregions--144,800  and  160,540  PE,  respectively. 

The  Central  Snake  Subregion  exhibits  the  highest  waste 
treatment  efficiencies,  removing  an  average  of  about  87  percent 
of  the  oxygen-demanding  waste  load.  The  lowest  levels  of  waste 
treatment  are  in  the  Lower  Columbia,  Upper  Snake,  and  Puget  Sound 
Subregions,  with  average  efficiencies  of  34,  42,  and  48  percent, 
respectively.  All  other  subregions  accomplish  average  reductions 
between  63  and  78  percent,  except  the  Oregon  Closed  Basin.  The 
Oregon  Closed  Basin  discharges  all  of  their  wastes  to  land;  how- 
ever, due  to  climate  conditions,  none  of  the  wastes  reach  surface 
waters . 

Industrial 

Industrial  wastes  are  those  spent  process  waters  associated 
with  industrial  operations  which  are  discharged  separately  and  not 
in  combination  with  municipal  wastes.  Pollutional  characteristics 
of  industrial  wastes  are  so  varied  that  it  is  not  possible  to 
establish  a quantitative  measure  of  industrial  waste  discharge  that 
covers  all  factors,  although  partial  evaluation  can  be  made  with 
respect  to  specific  characteristics.  Waste  discharges  from  indus- 
tries may  contain:  organic  matter,  toxic  materials,  suspended  and 

dissolved  solids,  nutrients,  oil  and  grease,  color,  taste,  odor, 
acidity  or  alkalinity,  and  heat.  For  purposes  of  the  Framework 
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Study,  industrial  waste  loadings  will  be  given  in  terms  of  Biochem- 
ical Oxygen  Demand  (BOD)  by  comparison  with  domestic  sewage  on  the 
basis  of  population  equivalents. 

The  total  industrial  waste  generation  in  the  Columbia-North 
Pacific  Region  is  equivalent  to  that  from  a population  of  35.3 
million  persons.  About  36.0  percent  of  the  oxygen-demanding  indus- 
trial wastes  are  removed  by  waste  treatment  and  other  means  of 
waste  reduction,  so  that  22.6  million  population  equivalents  actu- 
ally reach  region  waterways. 

The  pulp  and  paper  and  food-processing  industries  are  the 
major  sources  of  organic  wastes,  producing  26.3  and  8.3  million 
population  equivalents,  respectively.  The  lumber  and  wood  products 
and  miscellaneous  industries  generate  organic  wastes  of  about 
437,920  and  234,815  PE,  respectively.  Inorganic  wastes  are  prin- 
cipally from  primary  metals  and  mining  operations  and  chemical 
plants . 

The  pulp  and  paper  industry  generally  provides  only  minimal 
treatment,  which  reduces  the  waste  load  by  about  one-quarter.  This 
results  in  an  organic  loading  of  19.4  million  population  equivalents 
to  region  waterways.  Reliance  is  generally  placed  upon  in-plant 
solids  reduction  facilities  with,  however,  an  emerging  trend  toward 
provision  of  facilities  equivalent  to  primary  treatment  for  removal 
of  the  suspended  solids  loads  carried  by  mill  effluents.  Storage 
of  wastes  during  low  streamflow  periods  for  release  during  high 
water  periods  is  also  a common  practice.  Spent  sulfite  liquor 
discharged  as  a waste  product  in  the  sulfite  pulping  process  is 
the  strongest  pollutional  waste  developed  and  discharged  in  signif- 
icant quantities  in  the  region.  The  sulfite  waste  liquors  (SWL) 
are  high  in  biochemical  oxygen  demand,  are  toxic,  and  impart  color. 
Barker  wastes  and  white  waters  from  pulp  drying  and  paper  conversion 
carry  high  concentrations  of  settleable  suspended  solids.  The  wood 
fiber  in  the  wastes  settles  and  forms  sludge  beds  in  streams.  In 
addition,  pulp  and  paper  wastes  are  the  principal  source  of  nutri- 
ents and  fibrous  materials  required  for  Sphaeroti lus  growths,  the 
filamentous  slime  that  clogs  commercial  fishing  gear. 

The  food-processing  industry  achieves  a treatment  efficiency 
of  about  64.1  percent,  resulting  in  an  organic  waste  loading  of 
about  3.0  million  population  equivalents.  The  peak  of  the  vegctable- 
and  fruit-processing  season  usually  occurs  during  a period  when 
climatic  conditions  are  favorable  for  lagoon  or  land  disposal. 

Potato  and  sugar  beet  wastes  usually  receive  primary  treatment; 
however,  the  characteristics  of  the  wastes  and  seasonal  operation 
of  such  plants  during  cold-weather  periods  make  efficient  operation 
of  secondary  treatment  methods,  lagooning,  or  land  disposal  diffi- 
cult. Effluent  from  food  processors  includes  nutrients  which  can 
stimulate  algal  blooms,  settleable  solids,  color,  and  organic  mat- 
ter of  high  biochemical  oxygen  demand. 
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The  lumber  and  wood  products  industry  discharges  an  oxygen- 
demanding waste  load  equivalent  to  that  from  a population  of 
154,500  persons.  However,  for  the  industry,  oxygen -demanding  waste 
characteristics  are  of  only  minor  importance.  Plants  utilizing 
hydraulic  barkers  can  contribute  suspended  solids  which  damage 
aesthetic  conditions  and  serve  as  a base  for  attachment  of  slimes. 
Log  ponds  serve  as  a source  of  suspended  materials  and  complex 
organic  compounds  which  may  generate  undesirable  problems,  such 
as  color  and  odor.  Phenolic  glue  wastes  from  plywood  mills  are 
highly  toxic  to  aquatic  organisms. 

The  primary  metals,  mining,  and  chemical  industries  are  the 
major  sources  of  inorganic  waste  discharges  in  the  region.  In 
general,  little  data  are  available  concerning  wastes  from  primary 
metals  plants.  However,  it  is  known  that  wastes  from  aluminum 
refineries  may  contain  objectionable  quantities  of  oil,  flourides, 
and  cyanides  and  may  be  of  a high  temperature.  The  mining  indus- 
try, including  gravel  washing,  is  an  important  source  of  turbidity 
and  sedimentation.  In  addition,  heavy  metals  often  discharged 
with  mine  washings  are  extremely  toxic  to  all  forms  of  life  and 
have  caused  biological  sterilization  in  a number  of  region  streams. 
Wastes  from  chemical  industries  generally  receive  adequate  treat- 
ment. However,  accidental  spills  of  toxic  materials  and  the  dis- 
charge of  wastes  from  phosphate  refining  have  caused  serious  prob- 
lems . 


Figure  2 presents  a graphic  summary  of  industrial  waste 
production  and  discharge  for  each  subregion.  The  Puget  Sound, 
Willamette,  Coastal,  and  Lower  Columbia  Subregions  are  the  largest 
sources  of  industrial  wastes.  With  the  exception  of  the  Willamette, 
a very  small  level  of  waste  reduction  is  generally  maintained. 

These  subregions,  all  west  of  the  Cascades,  produce  76.8  percent 
and  discharge  86.7  percent  of  the  total  regional  organic  waste 
loading.  The  pulp  and  paper  industry  is  responsible  for  over  90 
percent  of  the  waste  loading  in  each  of  these  subregions.  In  the 
Puget  Sound,  Coastal,  and  Lower  Columbia  Subregions,  the  seafood, 
fruit  and  vegetable,  and  dairy-processing  industries  also  discharge 
significant  quantities  of  wastes.  The  lumber  and  wood  products 
industry  is  also  an  important  waste  source  in  the  Willamette, 
Coastal,  and  Puget  Sound  Subregions. 


East  of  the  Cascade  Range,  the  food-processing  industry  is 
the  largest  source  of  industrial  wastes,  and  the  pulp  and  paper 
industry  ranks  second.  The  Upper  Snake,  Central  Snake,  Upper 
Columbia,  Mid  Columbia,  and  Yakima  Subregions  are  the  most  important 
areas  of  food-processing  waste  production.  In  the  Yakima  and 
Upper  Columbia,  a high  level  of  waste  treatment  is  maintained, 
and  in  the  remaining  areas  waste  treatment  practices  are  generally 
in  need  of  improvement.  In  the  Upper  and  Central  Snake  Subregions, 
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wastes  are  primarily  the  result  of  potato  processing  and  sugar  refin- 
ing. In  addition,  there  are  a number  of  important  vegetable  and 
dairy  processing  plants  that  contribute  wastes.  The  largest  por- 
tion of  the  waste  loading  in  the  Yakima  and  Mid  Columbia  is  from 
fruit  and  vegetable  processing.  In  the  Upper  Columbia,  fruit  and 
vegetable  processing,  including  the  processing  of  potatoes  and 
sugar  beets,  is  the  major  waste  source.  The  production  and  manu- 
facture of  pulp  and  paper  account  for  large  waste  loadings  in  the 
Clark  Fork-Kootenai-Spokane , Lower  Snake,  and  Mid  Columbia  Sub- 
regions.  In  general,  waste  treatment  for  the  pulp  and  paper  in- 
dustry is  in  need  of  improvement. 

Although  not  reflected  in  organic  loadings,  mining  wastes 
contribute  to  pollution  in  the  Idaho  and  Montana  portions  of  the 
Clark  Fork-Kootenai-Spokane  Subregion.  Also,  in  the  Upper  Snake, 
inorganic  phosphate  wastes  from  chemical  plants  are  a significant 
pollution  source.  The  National  Reactor  Testing  Station  discharges 
low-level  radioactive  wastes  into  seepage  pits,  lagoons,  and  dis- 
posal wells.  The  effluent  eventually  reaches  the  Snake  River  Plain 
Aquifer.  Similar  disposal  practices  are  also  employed  at  the 
Hanford  Works  and,  in  addition,  waste  heat  is  discharged  to  the 
Columbia  River. 


Table  2 - Summary  of  Population  Served  by  ^ . 

Individual  Waste  Disposal  Systems,  Columbia-North  Pacific  Region  — 


Subregion 


Population 

Served 

Thousands 


Percent 

Subregion 

Population 


Percent 

Region 

Population 


1.  Clark  Fork-Kootenai-Spokane  246.7 

2.  Upper  Columbia  115.3 

3.  Yakima  86.4 

4.  Upper  Snake  165.9 

5.  Central  Snake  121.3 

6.  Lower  Snake  72.0 

7.  Mid-Columbia  98.1 

8.  Lower  Columbia  137.5 

9.  Willamette  602.2 

10.  Coastal  198.4 

11.  Puget  Sound  930.9 

12.  Oregon  Closed  Basin  g.8 

Total  2,783.5 


1/  Derived  as  a residual  from  FWPCA  Municipal  and  Industrial  Waste 
Inventory,  1965,  and  from  Type  2 Studies  for  Subregion  9 and 
11,  1970. 
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Approximately  2.78  million  persons,  or  46.8  percent  of  the 
region's  population,  are  not  connected  to  municipal  waste  treatment 
facilities.  Table  2 summarizes  by  subregion  tne  population  and 
percent  of  subregion  and  region  population  served  by  individual 
sewage  disposal  systems. 


In  general,  septic  tanks  and  some  type  of  subsurface,  drain- 
age are  used  for  waste  disposal  by  the  rural  population.  The 
actual  waste  load  reaching  waterways  is  not  known;  however,  it  is 
not  considered  to  be  large.  It  should  be  emphasized  that  connection 
to  an  adequate  public  sewerage  system  is  a more  satisfactory  method 
of  sewage  disposal.  Every  effort  should  be  made,  therefore,  to 
secure  public  sewer  extensions.  Where  connection  to  a public  sewer 
is  not  feasible,  and  when  a considerable  number  of  residences  are 
to  be  served,  consideration  should  be  given  to  the  construction  of 
a community  sewerage  system  and  treatment  plant. 


Irrigation 

The  largest  use  of  water  in  the  Columbia-North  Pacific  Region 
is  for  irrigation.  A total  of  about  7.34  million  acres  are  irri- 
gated requiring  an  annual  diversion  of  33.1  million  acre-feet  of 
water.  Approximately  90  percent  of  the  land  is  irrigated  with  water 
from  surface  supplies  and  the  remainder  from  underground  supplies. 
About  17.7  million  acre-feet  return  to  streams  as  irrigation  return 
flows . 


The  major  areas  of  large,  concentrated  irrigation  develop- 
ment have  been  in  the  Columbia  Basin  Project  of  the  Upper  Columbia, 
along  the  main  stem  Snake  and  llenrys  Fork  of  the  Upper  Snake;  in 
the  Payette,  Boise,  and  Snake  River  Valleys  of  the  Central  Snake; 
and  in  the  lower  Yakima  Valley  of  the  Yakima  Subregion.  The 
Willamette,  Mid  Columbia,  Clark  Fork-Kootenai-Spokane,  Lower  Snake 
and  Oregon  Closed  Basin  Subregions  have  important  irrigated  areas, 
but  have  been  developed  to  a lesser  degree. 

Irrigation  diversions  and  return  flows  are  significant  pol- 
lution sources  in  several  areas  of  the  region.  Irrigation  with- 
drawals contribute  to  water  quality  degradation  for  at  least  two 
reasons:  they  deplete  strcamflow  and  reduce  its  dilution  and 

assimilative  capacity;  and  they  can  cause  significant  increases 
in  sediment,  mineral,  and  nutrient  loads.  There  is  a great  varia- 
tion in  the  effect  of  irrigation  return  flows  on  water  quality. 
Size  of  irrigated  areas,  application  rates  and  reuse  factors,  soil 
properties,  topography,  temperature,  and  irrigation  methods  all 
influence  water  quality. 
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The  major  quality  changes  of  water  draining  from  an  irri- 
gated area  can  be  alterations  in  chemical  composition  and  increases 
in  the  total  amount  of  dissolved  solids,  temperature,  color,  and 
turbidity.  In  the  Yakima  Subregion,  studies  have  indicated  that 
the  return  flows  may  carry  up  to  five  times  the  phosphate,  20  times 
the  sulfate,  and  30  times  the  nitrate  concentration  of  the  applied 
water.  The  amounts  of  dissolved  solids  added  to  the  receiving 
stream  by  irrigation  are  computed  to  be  0.24  and  0.325  (2)  ton  of 
dissolved  solids  per  year  per  irrigated  acre  for  the  Yakima  and 
Snake  River  basins,  respectively.  Uncontrolled  passage  of  water 
over  fields  tends  to  move  solids  gradually  and,  when  this  process 
continues,  natural  channels  are  formed  and  the  rate  of  erosion  is 
progressively  accelerated.  While  not  completely  controllable, 
erosion  due  to  irrigation  can  be  minimized  by  careful  application 
methods  and  by  adequate  water  conveyance  arrangements.  Temperature 
can  be  affected  either  beneficially  or  adversely  by  irrigation 
practices.  In  general,  water  applied  to  ground  in  summer  tends  to 
be  warmer  than  subsurface  soils;  irrigation  returns  in  the  form  of 
seepage,  therefore,  tend  to  be  cooler  than  receiving  waters.  How- 
ever, surface  runoff  is  affected  by  solar  radiation  and  ambient 
air  temperatures  so  surface  irrigation  returns  tend  to  increase 
the  temperature  of  receiving  water. 

I 


The  method  of  applying  irrigation  to  the  land  water  affects 
the  quality  of  the  return  flow  water.  In  general,  the  more  effi- 
ciently the  water  is  applied,  the  less  deleterious  are  the  effects 
of  irrigation  returns  on  quality.  Use  of  excess  water  promotes 
excessive  leaching,  increases  erosion,  facilitates  flushing  of 
organics  and  nutrients,  and  lessens  the  volume  of  water  available 
in  the  waterways.  Wild  flooding  is  the  least  efficient  method  of 
irrigation  from  the  standpoint  of  water  quality  control.  Even 
where  soils  are  stabilized  by  well  rooted  pasture  grasses,  wild 
flooding  of  fields  can  result  in  erosion  and  transport  of  suspended 
and  dissolved  materials.  This  type  of  irrigation  is  not  common  to 
the  region,  however;  a few  small  areas  in  the  Upper  Columbia  and 
Upper  Snake  Subregions  rely  upon  this  method.  Ridge  and  furrow 
and  corrugation  irrigation  are  the  most  extensively  practiced  irri- 
gation procedures.  With  the  exception  of  the  subregions  west  of 
the  Cascades  and  the  Upper  Columbia  Subregion,  80  percent  of  the 
land  is  irrigated  by  these  methods.  While  less  wasteful  than  wild 
flooding,  these  methods  generally  result  in  surface  runoff  with 
attendant  erosion  and  high  temperatures.  Sprinkler  methods  of 
irrigation,  used  extensively  in  the  Willamette,  Puget  Sound,  and 
Upper  Columbia  Subregions,  are  being  increasingly  adopted  in  the 
region.  This  method  tends  to  minimize  leaching,  erosion,  and  waste 
of  water. 


Other  Land  Use 


Effects  of  land-use  practices  on  water  quality  vary  accord- 
ing to  the  pattern  of  uses,  location,  time  of  year,  and  control 
procedures.  Distinguishing  the  water  quality  impacts  of  human  use 
of  land  from  natural  occurrences  is  difficult,  but  in  the  Columbia- 
North  Pacific  Region,  where  extensive  use  of  land  for  agriculture 
and  for  logging  is  a major  facet  of  the  economy,  the  influence  of 
uncontrolled  land  runoff  constitutes  a major  influence  on  water 
quality. 

The  production  and  transport  of  sediment  are  the  most  sig- 
nificant quality  impairments  resulting  from  land  use  in  the  region. 
Generalized  sediment  yields  for  the  region  range  from  0.02  to  4.0 
acre-feet  per  square  mile  per  year.  High  concentrations  of  sediment 
naturally  occur  during  periods  of  high  precipitation  or  snowmelt 
and  are  carried  by  f loodf lows . Various  activities  on  forest  lands 
contribute  to  soil  disturbance.  Road  construction  is  perhaps  the 
most  important,  but  logging  operations  and  fire  may  also  have  seri- 
ous effects.  On  rangelands,  too  heavy  grazing  use  removes  the 
plant  cover  and  leaves  the  soil  more  susceptible  to  accelerated 
erosion.  On  agricultural  lands,  improper  land  uses  and  management 
are  the  principal  factors  in  rapid  runoff  and  high  rates  of  soil 
loss,  leading  to  plugged  channels,  meandering  and  bank  cutting,  and 
increased  flood  overflow  as  well  as  damages  to  water  quality.  Con- 
struction of  roads,  railroads,  dams,  power  transmission  lines,  and 
pipelines  may  also  seriously  disturb  the  soil. 


Numerous  chemicals  used  in  fertilizer  and  in  pest  control 
sprays  and  dust,  or  dissolved  in  drainage  water  from  farmsteads  and 
feedlots,  may  adversely  affect  water  quality.  Chemical  sprays  are 
also  used  over  wide  areas  of  forest  and  range.  They  may  consist  of 
insecticides  or  fungicides,  weed  killers,  or  fire  retardants.  Large 
quantities  of  herbicides,  fungicides,  and  insecticides  are  applied 
annually  to  agricultural,  range,  and  forest  lands.  Careful  use, 
combined  with  the  ability  of  the  soil  to  act  as  a filter,  has  gen- 
erally prevented  damaging  concentrations  from  reaching  the  water- 
ways. A hazard  is  present,  however,  when  toxicants  are  handled  by 
individuals  without  proper  training.  These  chemicals  may  be  toxic, 
but  in  other  instances  may  add  nutrients  that  cause  undesirable 
aquatic  growths  in  receiving  waters.  The  exact  nature  of  the  nut- 
rient balance  which  will  produce  algal  blooms  is  not  known;  however, 
nitrogen  and  phosphorus  appear  to  be  significant  factors  in  stimu- 
lating excessive  growths.  Chemical  fertilizers  containing  large 
amounts  of  nitrogen  and  phosphorus  added  to  the  soils  of  the  region 
each  year  create  a potential  hazard  of  increasing  nutrient  loads 
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The  logging  practice  of  clear-cutting  in  the  Douglas  fir 
forests  west  of  the  Cascade  Range  can  cause  temporary  increases  of 
one  to  eight  degrees  F in  stream  temperature  of  local  watersheds 
until  sufficient  vegetative  cover  is  restored  to  provide  stream 
shade.  The  temperature  increase  affects  stream  ecology  and  fish 
habitat,  oxygen-carrying  capacity  of  the  water,  and  municipal  and 
industrial  use  of  the  water.  However,  these  increases  have  had 
little  effect  on  temperatures  of  major  streams  in  the  region. 

Addition  of  materials  other  than  sediment  and  natural  organic 
debris  to  streams  is  a common  consequence  of  land  development  and 
use.  Urban  development  is  increasing  at  a rapid  pace,  and  more  of 
the  lands  will  be  used  for  this  purpose.  A phase  of  the  develop- 
ment is  to  cover  the  bare,  uprooted  subsoil  with  green  grass  and 
shrubbery  as  quickly  as  possible.  Fertilizers  and  water  are  neces- 
sary ingredients  for  fast  and  uniform  plant  growth  in  the  sterile 
soils.  When  plant  nutrients  are  improperly  applied  with  excessive 
amounts  of  water,  large  portions  are  washed  down  the  storm  drains 
into  the  surface  waters . 

In  the  established  urban  areas,  the  use  of  insecticides, 
herbicides,  and  fertilizers  is  continued,  and  they  are  generally 
applied  by  the  inexperienced  resident.  Runoff  from  hard  rains, 
particularly  after  a long  dry  period,  flushes  the  landscape  and 
streets,  carrying  large  quantities  of  the  accumulated  chemicals 
and  other  debris  to  the  streams,  with  serious  and  sometimes  pro- 
longed toxic  effects  in  the  streams. 

Agricultural  Animals 

Agricultural  animal  wastes  represent  a pollution  problem  in 
several  areas  of  the  Columbia-North  Pacific  Region.  Concentrations 
of  large  numbers  of  animals  in  limited  space  such  as  feedlots  and 
dairies  provide  opportunities  for  brief,  intense  point  waste  load- 
ings that  have  high  pollutional  capabilities.  Problems  of  bacter- 
' ial  contamination  and  organic  pollution  have  usually  been  traced 

to  improper  discharge  of  liquid  or  solid  wastes  from  large  poultry 
houses  or  concentrations  of  cattle,  such  as  drainage  from  dairies 
and  feedlots.  Studies  have  shown  that  when  there  is  a light  rain 
after  a protracted  dry  period,  the  flushing  effect  of  the  rain  on 
a grazing  area  can  cause  a marked  rise  in  bacterial  and  biochemical 
oxygen  demand  in  the  streams. 

The  impact  of  agricultural  animal  wastes  on  water  quality  is 
difficult  to  determine.  Assuming  an  animal  to  human  oxygen-demanding 
waste  ratio  of  6.4  to  1 for  cattle,  0.57  to  1 for  sheep,  and  0.32  to 
1 for  chickens,  a potential  waste  production  equivalent  to  that 
from  35  million  persons  exists.  Because  animal  populations  are 

diffused  throughout  the  region,  and  since  wastes  are  deposited  on  j 

land,  the  figure  attributed  to  them  is  not  meaningful. 
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assuming  a 95  percent  reduction  by  land  disposal,  the  magnitude 
of  the  residual  load  from  animal  wastes  is  1.75  million  popula- 
tion equivalents. 


Although  the  animal  population  is  generally  diffused  through- 
out the  region,  concentrations  occur  in  the  Upper  Snake,  Central 
Snake,  Yakima,  Mid  Columbia,  and  Upper  Columbia  Subregions.  In 
these  areas,  feedlots  which  accommodate  one  thousand  or  more  ani- 
mals at  a time  are  common.  It  is  also  common  practice  to  locate 
feedlots  along  streambanks,  usually  without  minimal  control  afforded 
by  fencing  animals  from  the  water.  Under  these  conditions,  heavy 
oxygen  demands,  bacterial  populations,  high  levels  of  nutrients, 
and  solids  are  flushed  directly  into  streams  from  a rain  or  wash- 
ing. On  occasion,  feedlots  have  been  the  source  of  nitrate,  nit- 
rite, and  bacterial  contamination  of  shallow  ground-water  supplies. 

Unfortunately,  methods  to  control  agricultural  animal  pol- 
lutants are  not  highly  developed.  Very  little  quantitative  infor- 
mation exists  with  respect  to  effects  of  animal  waste  drainages 
on  water  quality;  and  the  applicability  of  control  methods  and 
costs  associated  with  them  are  largely  undetermined.  The  pollu- 
tional  impact  of  farm  animals,  particularly  with  respect  to  bac- 
terial concentrations,  is  assumed  to  be  very  significant. 

Recreation 

Recreation  of  one  type  or  another  is  continuous  at  some 
locations.  Developed  and  organized  recreational  installations  have 
sanitarv  facilities  designed  to  protect  the  public  and  the  adjacent 
waters.  Pit  privies  or  central  facilities  discharging  to  septic 
tanks  and  tile  fields  are  the  most  common  means  of  waste  disposal. 
Increased  usage  of  a park  area  is  frequently  followed  by  construction 
of  improved  sanitary  facilities. 

Sanitary  waste  facilities  are  usually  deficient  at  improvised 
recreation  sites  such  as  many  small  boat  landings,  water  skiing 
areas,  and  pleasure-  and  houseboats.  The  load,  organic  and  bac- 
terial, from  these  sources  has  not  been  identified  numerically,  but 
its  importance  has  been  recognized.  Unless  facilities  for  collection 
and  pickup  of  litter  and  garbage  are  made  available,  the  waste  may 
find  its  way  to  the  watercourses. 

Regulations  governing  installation  of  sanitary  facilities 
are  generally  adequate,  but  are  difficult  to  enforce  because  of  the 
many  improvised  recreation  sites.  Some  principal  research  activ- 
ities are  oriented  towards  improvement  of  disposal  facilities  for 
small  recreation  areas,  pleasure  craft,  and  houseboats. 
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Navigation  and  Dredging 


Navigation  has  little  effect  on  water  quality  in  the 
Columbia- North  Pacific  Region  when  all  vessels  meet  present 
sanitation  requirements.  However,  occasionally  large  ships  dis- 
charge untreated  sewage  to  waterways.  Accidental  spills  and  bilge 
pumping  are  sometimes  significant  pollution  sources.  In  1967, 
there  were  33  cases  of  reported  oil  spils  in  the  region,  and  in 
early  1968  serious  spills  occurred  in  Portland  Harbor  and  near  the 
mouth  of  the  Columbia  River.  Such  accidents  adversely  affect  fish 
and  awuatic  organisms  as  well  as  resulting  in  property  damage. 

The  dredging  of  materials  from  navigation  channels  and  dock 
facilities  often  causes  turbidity.  When  bottom  materials  are  high 
in  organics,  as  they  are  near  pulp  and  paper  mill  outfalls,  oxygen 
depressions  are  also  experienced.  Dredging  materials  are  sometimes 
redeposited  in  other  areas,  creating  similar  problems.  However,  a 
policy  of  depositing  organic  dredging  materials  on  land  is 
generally  practiced. 

The  waters  of  the  region  are  intensively  used  for  trans- 
porting and  storing  logs.  The  pollutional  effect  of  this  practice 
cannot  be  fully  quantified  but  is  currently  under  study  at  the 
FWQA  Pacific  Northwest  Water  Laboratory. 

Natural  Sources 


In  addition  to  the  effects  discussed  resulting  from  the 
exploitation  of  the  water  and  related  land  resources,  water  quality 
is  also  affected  by  certain  natural  processes. 

Glacial  scour  puts  a heavy  load  of  "rock  flour,"  or  fine 
abrasive  sediment,  into  many  streams  of  the  Northwest.  This  results 
in  high  turbidity  during  the  summer  season  of  low  flow  and  high 
demand  for  water. 

Landslides  caused  by  earthquakes  or  by  unstable  soil  and 
rock  formations  heavily  lubricated  by  ground  water  in  abnormally 
wet  seasons  or  undermined  by  streambank  cutting  may  discharge  huge 
quantities  of  soil  and  rock  and  organic  debris  into  streams  all 
at  once.  Undermining  and  caving  of  stream  channel  banks  are  a form 
of  erosion  that  contributes  significantly  to  stream  sediment  loads 
and  turbidity. 

On  forest  and  rangelands,  the  tannin  and  humic  acid  complex 
solutes  leach  from  decomposing  natural  organic  litter,  such  as 
leaves,  and  from  logging  slash  accumulations  in  watercourses.  The 
tannins  and  humates  can  discolor  streams  and  create  taste  and  odor 
problems;  they  can  also  cause  septic  conditions  from  excessive 
oxygen  demand. 
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Forest  fires  have  important  effects  on  water  quality. 

After  fires,  ashes  blown  or  washed  from  the  burned  areas  can  add 
significantly  to  the  dissolved  solids  load  of  streams  and  may 
reduce  the  quality  and  usefulness  of  the  water.  Major  effects 
usually  are  noticed  only  in  the  first  wet  season  following  a burn, 
but  in  places  where  there  have  been  hard  burns  and  sharp  changes 
in  soil  chemistry,  changes  in  chemical  quality  may  endure  two  to 
three  seasons.  The  pH  is  usually  raised;  water  that  is  normally 
neutral  or  slightly  acid  may  become  slightly  alkaline.  Potassium 
and  phosphorous  ions  show  greatly  increased  availability  in  burned 
forest  soils,  and  it  is  reasonable  to  expect  similar  increases  in 
water  draining  such  soils.  With  the  vegetative  cover  removed, 
water  temperatures  are  higher  from  solar  radiation.  The  warm  water, 
sunlight,  and  the  added  nutrients  will  stimulate  algal  growths. 

Waters  that  carry  high  loads  of  inorganic  salts  dissolved 
from  rock  strata  can  also  lead  to  pollution  situations.  A part  of 
the  nutrient  problem  that  occurs  in  the  Snake  River  results  from 
the  water  passing  through  phosphorus -bearing  earths. 

Water  Quality 

Criteria  are  a scientific  requirement  on  which  a decision 
or  judgment  may  be  based  concerning  the  suitability  of  water  qual- 
ity to  support  a designated  use.  Quality  characteristics  of  a 
physical,  chemical,  ov  biological  nature  demanded  by  aquatic  life, 
industrial  process,  or  other  use,  are  requirements  or  criteria. 
Determining  water  quality  criteria  for  various  water  uses  is  an 
important  step  in  solving  water  pollution  problems.  Along  with 
vigorous  implementation  programs,  it  is  a necessary  step  in  achiev- 
ing water  quality  management  on  a scientific  basis. 

Because  of  the  fishery,  water  supply,  and  recreation  uses 
all  have  extremely  rigorous  water  quality  requirements,  it  is 
assumed  that  pollution  control  directed  to  serve  these  needs  will 
more  than  meet  the  requirements  for  other  uses.  The  criteria  are 
not  identical  in  all  state  water  quality  standards,  but  are  very 
similar  and  compatible. 

Dissolved  oxygen  is  the  most  frequently  discussed  quality 
parameter  and  is  quite  indicative  of  general  conditions  in  a body 
of  water.  Low  dissolved  oxygen  content  indicates  that  organic 
and  chemical  matter  is  present  in  sufficient  quantity  to  exert  a 
greater  demand  for  oxygen  than  can  be  replaced  by  the  natural 
reoxygenation  capability  of  the  water  body.  Concentrations  of 
dissolved  oxygen  greater  than  100  percent  of  saturation  are  indi- 
cative of  either  recent  violent  physical  reoxygenation  at  increased 
pressures  or  photosynthetic  oxygen  production  by  algae.  The  latter 
may  cause  great  diurnal  fluctuation  of  dissolved  oxygen  concentrations. 
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A dissolved  oxygen  concentration  near  saturation  with  very  little 
diurnal  fluctuation  is  generally  the  most  desirable.  The  solubility 
of  oxygen  in  water  decreases  as  the  temperature  of  the  water  is 
raised.  At  sea  level  and  32  F (0  C) , saturation  is  approximately 
14  mg/1;  while  at  68  F (20  C) , 9 mg/1  is  100  percent  saturation. 

The  requirement  of  the  salmonid  fishery  governs  the  neces- 
sary level  of  dissolved  oxygen  for  most  watercourses.  Because  of 
the  very  narrow  environmental  tolerances  of  salmonid  fish,  a dis- 
solved oxygen  level  very  near  saturation  is  essential  for  spawning, 
and  protracted  depressions  of  dissolved  oxygen  below  5 mg/1  are 
believed  to  inhibit  migration.  A dissolved  oxygen  concentration 
of  at  least  7 mg/1  is  considered  a prerequisite  for  maintaining  a 
suitable  environment  for  trout  and  juvenile  salmon.  Hardier  warm- 
water  game  fish,  however,  may  subsist  satisfactorily  in  waters  with 
a dissolved  oxygen  content  of  5 mg/1. 

Recent  studies  by  the  National  Marine  Fisheries  Service 
indicate  that  significant  mortalities  of  resident  and  anadromous 
fish  have  been  caused  by  gas  bubble  disease  resulting  from  exposure 
to  nitrogen-supersaturated  water.  Studies  are  underway  to  deter- 
mine the  level  of  nitrogen  in  water  than  can  be  tolerated. 

Biochemical  oxygen  demand  (BOD)  is  a measure  of  the  oxygen- 
demanding properties  of  the  organic  waste  in  the  water.  The  BOD 
has  little  direct  effect  on  the  use  of  the  water;  but  it  does  serve 
as  an  indicator  of  the  general  level  of  water  quality.  The  BOD  does 
not  necessarily  deplete  the  dissolved  oxygen  in  a river  if  the  rate 
of  natural  reaeration  is  high  and  the  water  temperatures  are  too 
cold  for  microbiological  activities;  but,  if  a stream  pools,  such 
as  in  a reservoir,  the  reaeration  rate  decreases,  the  BOD  is  exerted, 
and  the  dissolved  oxygen  level  diminishes.  Water  quality  objectives 
for  BOD  have  not  been  established  because  of  the  variable  effects 
under  different  stream  conditions.  Background  levels  of  BOD  are 
generally  about  one  mg/1. 

Bacterial  contamination  is  commonly  measured  by  occurrence 
of  coliform  bacteria--organisms  common  to  the  intestinal  tract  of 
warm-blooded  animals--which  serve  to  indicate  the  level  of  presence 
of  a possible  source  of  disease.  Coliform  counts  in  the  form  of 
the  most  probable  number  per  100  ml  (MPN/100  ml)  or  the  millipore 
filter  count  per  100  ml  (MF  count/100  ml)  are  used  as  an  indication 
of  bacterial  pollution  from  warm-blooded  animals  and,  therefore, 
as  an  indication  of  the  relative  safety  of  contact  with,  or  inges- 
tion of,  water.  The  water  quality  standards  for  all  states  in  the 
region  require  that  average  coliform  counts  shall  not  exceed  1,000/ 
100  ml.  The  acceptable  median  coliform  count  for  a number  of  stream 
reaches  that  receive  heavy  recreation  use  or  are  of  relatively  undis- 
turbed quality  has  been  set  at  240/100  ml. 
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Temperature  is  critical  to  the  biota  of  a particular  water 

and  of  great  importance  to  water  supply.  Migration  of  anadromous 

fish  requires  a temperature  range  of  45  to  70  F (7  to  21  C) ; 

the  state  water  quality  standards  require  that  no  measurable 

increases  from  unnatural  waste  sources  or  activities  shall  be  per- 

o o1 

mitted  which  result  in  water  temperatures  exceeding  68  F (20  C) . 
Rearing  of  both  trout  and  salmon  occurs  in  a somewhat  narrower 
temperature  range--50  to  65  (10  to  18  C);  and  spawning  require- 

ments are  very  narrow,  with  temperatures  beyond  the  range  of  45 
to  55  F (7  to  13  C)  destroying  fish  production  if  sustained 
beyond  a very  limited  period  of  time.  Increasing  or  decreasing 
temperature  often  serves  as  the  trigger  for  spawning  activities, 
metamorphosis,  and  migration.  A fish  might  hatch  too  early  in  the 
spring  to  find  an  adequate  amount  of  its  natural  food  organisms 
because  the  food  chain  depends  ultimately  on  plants  whose  abundance, 
in  turn,  is  a function  of  day  length  and  temperature.  Some  organ- 
isms require  that  their  eggs  be  chilled  before  they  will  hatch 
properly.  Cool  water  is  also  desirable  for  water  supplies,  both 
for  aesthetic  reasons  and  for  efficiency  in  cooling  applications. 

Turbidity  is  an  expression  of  the  optical  property  of  water 
which  causes  light  to  be  scattered  and  absorbed  rather  than  trans- 
mitted in  straight  lines.  Excessive  turbidity  reduces  light  pene- 
tration into  the  water  and,  therefore,  reduces  photosynthetic 
activity  of  organisms,  attached  algae,  and  submersed  vegetation. 
Turbidity  is  caused  by  the  presence  of  sediments  such  as  sand, 
silt,  clay,  finely  divided  organic  matter,  and  other  suspended 
matter  such  as  bacteria  and  plankton. 

Sediments  are  particularly  damaging  to  gravel  and  rubble- 
type  bottoms.  The  sediments  fill  the  interstices  between  gravel 
and  stones,  thereby  eliminating  the  spawning  grounds  for  fish  and 
the  habitat  of  many  aquatic  insects  and  other  invertebrate  animals. 


Many  of  the  dissolved  materials  are  essential  for  growth, 
reproduction,  and  the  general  well-being  of  aquatic  organisms. 

Water  devoid  of  dissolved  materials  is  intolerable  because  pure 
water  will  not  support  aquatic  life.  The  chlorides,  carbonates, 
sulfates,  and  silicates  of  sodium,  potassium,  calcium,  and  mag- 
nesium are  the  most  common.  Traces  of  most  other  essential  sub- 
stances are  also  found.  Generally,  to  maintain  natural  conditions, 
total  dissolved  materials  should  not  be  increased  by  more  than  one- 
third  of  the  concentration  that  is  characteristic  of  the  natural 
condition  of  the  water. 


The  chemical  constituents  termed  "nutrients"  stimulate 
aquatic  growths.  The  exact  nature  of  the  nutrient  balance  which 
will  produce  algal  blooms  is  not  known;  however,  nitrogen  and 
phosphorus  appear  to  be  the  most  significant  factors  in  stimulating 
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excessive  growths.  The  generally  accepted  threshold  concentrations 
of  soluble  phosphate  and  inorganic  nitrogen  for  stimulation  of  algal 
blooms  are  0.01  mg/1  as  P and  0.30  mg/1  as  N,  respectively. 


Toxic  materials  cover  a wide  spectrum--from  naturally  occur- 
ring heavy  metals,  to  radioactive  materials,  to  complex  pesticidal 
compounds.  These  materials  should  be  viewed  not  in  terms  of  toler- 
ances but  rather  in  terms  of  maintaining  the  most  complete  possible 
degree  of  their  absence  in  waters. 


Present  Water  Quality 

An  assessment  of  water  quality  is  a statement  of  the  purity 
and  suitability  for  use  of  water  at  a series  of  points  along  a 
stream.  The  quality  of  water  in  a particular  stream  reach  is  de 
ta~mined  by  the  cumulative  effects  on,  and  characteristic  changes 
in,  water  resulting  from  impacts  of  its  upstream  environment. 

Collection  of  useful  water  quality  data  has  received  great 
emphasis  in  the  recent  past.  However,  available  quality  information 
is  less  complete  geographically  than,  for  example,  streamflow 
records.  Locations  at  which  continuous  quality  information  has  been 
collected  for  more  than  a decade  are  few  in  number  and  seldom  com- 
plete enough  for  many  uses.  Types  of  data  collected  range  the  full 
gamut  of  quality  parameters,  although  samples  at  individual  stations 
may  be  analyzed  for  only  a few  parameters.  Because  of  the  interest 
and  sampling  activity  of  many  agencies  at  all  governmental  levels, 
a large  volume  of  data  of  varying  types  and  degrees  has  been  gen- 
erated. 

To  facilitate  quality  data  retrieval  and  to  reduce  the  time- 
consuming  effort  of  contracting  many  different  agencies,  the  Federal 
* Water  Quality  Administration  (FWQA)  V is  operating  a national 

program  for  computerized  storage  and  retrieval  of  water  quality 
information,  designated  "STORET."  At  the  present  time  in  the 
Pacific  Northwest,  a large  amount  of  quality  data,  collected  prin- 
cipally by  the  FWQA,  the  states  of  Oregon  and  Washington,  and  other 
agencies  is  available  through  the  STOREi  system.  A similar  system 
is  available  through  the  United  States  Geological  Survey. 

Surveillance  efforts  of  the  states  of  Oregon  and  Washington 
encompass  monitoring  of  most  of  the  interstate  streams  and  numerous 
intrastate  streams.  Stream  sampling  in  Idaho,  Montana,  Wyoming, 
Utah,  and  Nevada  has  been  limited  to  short-term  surveys  in  problem 
areas.  However,  with  the  adoption  of  water  quality  standards  by 
the  states  in  the  Columbia-North  Pacific  Region,  routine  sampling 
stations  are  being  established  to  determine  compliance  with  the 
standards . 

1 J On  December  2,  1970,  the  FWQA  was  renamed  The  Environmental  Pro- 


tection Agency,  Water  Quality  Office  (EPA,  WQ0) . 


The  Geological  Survey  maintains  a quality  sampling  network 
for  temperature,  sediment,  and  inorganic  chemical  analyses.  How- 
ever, stations  where  inorganic  chemical  analyses  are  being  made 
are  not  very  numerous.  In  addition,  the  FWQA,  in  cooperation  with 
the  Geological  Survey  and  the  respective  state,  has  established  a 
water  quality  network.  The  samples  are  also  analyzed  for  organic 
and  biological  populations. 

The  Columbia  River  has  not  experienced  a serious  dissolved 
oxygen  depression.  However,  low  dissolved  oxygen  concentrations 
occur  in  a number  of  major  tributaries  and  smaller  streams,  normally 
as  the  result  of  heavy  biochemical  oxygen  demand  exerted  by  munici- 
pal, pulp  and  paper,  and/or  food-processing  wastes.  On  the  Snake 
River  fish  kills  have  resulted  in  Milner  and  American  Falls  Reser- 
voirs from  low  oxygen  content.  In  addition,  the  dissolved  oxygen 
level  is  depressed  several  milligrams  per  liter  below  Brownlee 
Reservoir  on  the  Snake  River.  The  Boise  River,  a tributary  of  the 
Snake  River,  also  experiences  low  dissolved  oxygen  levels  during 
extreme  low-flow  conditions.  The  lower  Willamette  River  in 
Portland  Harbor  has  a long  history  of  low  dissolved  oxygen  during 
the  months  of  July,  August,  and  September. 

Critical  oxygen  problems  that  inhibit  the  fishery  exist 
seasonally  at  and  below  Long  Lake  in  the  Spokane  River.  A number 
of  smaller  streams  also  exhibit  low  seasonal  dissolved  oxygen 
levels,  including  the  lower  reaches  of  the  Duwamish,  Chehalis, 

South  Santiam,  and  Tualatin  Rivers. 

The  stream  reaches  with  low  dissolved  oxygen  (previously 
discussed)  have  high  biochemical  oxygen  demands,  as  would  be  expected. 
In  addition,  many  water  bodies  in  the  Puget  Sound  and  Coastal  Sub- 
regions  have  high  BOD  levels,  primarily  as  a result  of  municipal 
or  pulp  and  paper  mill  wastes.  However,  the  short  time-of-travel 
before  these  waters  enter  the  ocean  or  strong  currents  in  the 
Sound  prevents  the  exertion  of  the  complete  biochemical  oxygen 
demand  on  the  river. 

Bacterial  pollution  resulting  from  municipal  wastes  and,  in 
some  cases,  from  animal  populations  has  seriously  damaged  use  for 
water-contact  sports  in  a number  of  locations.  The  lower  Willamette 
and  the  Columbia  River  below  Portland  generally  have  bacterial 
counts  above  the  water  quality  standard  of  1,000  organisms/100  ml, 
which  applies  to  these  stream  reaches.  Similar  conditions  are 
prevalent  below  larger  population  centers  in  the  lower  reaches  of 
numerous  streams,  including  Bear  Creek;  the  Rogue,  South  Umpqua, 
Chehalis,  Yakima,  and  Boise  Rivers;  and  a number  of  Puget  Sound 
streams.  Some  coastal  waters  such  as  Tillamook  Bay  and  Port  Angeles 
Harbor  are  similarly  affected.  The  problem  is  quite  important, 
especially  since  it  generally  occurs  close  to  urban  areas  where  the 
demand  for  water-based  recreation  is  highest. 
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Maintaining  an  adequate  temperature  regimen  is  a significant 
problem  complicating  water  resources  management  in  the  region.  Watex 
temperature  levels  are  particularly  important  in  the  Columbia  River 
and  coastal  streams  since  they  are  the  fish  passageways  to  spawning 
areas.  At  present,  water  temperature  in  the  Columbia  River  below 
the  Hanford  Atomic  Works  exceeds  water  quality  standards  during  the 
months  of  July,  August,  and  September.  The  Columbia's  major  tribu- 
taries below  Hanford  (the  Willamette,  Yakima,  and  Snake  Rivers)  also 
have  temperatures  near  or  above  the  standards  limit  during  much  of 
this  period.  A number  of  coastal  streams,  including  the  Rogue,  South 
Umpqua,  and  Chehalis  Rivers,  exhibit  high  water  temperatures  during 
the  summertime  low-flow  period. 

Nutrients  such  as  nitrates  and  phosphates  originating  from 
both  natural  and  manmade  sources  are  the  major  cause  of  excessive 
aquatic  growths  in  parts  of  the  region  such  as  the  Yakima  and  Snake 
Basins  and  areas  of  the  Columbia  Basin  Irrigation  Project.  In 
addition  to  taste  and  odor  problems,  these  growths  have  increased 
maintenance  costs  to  irrigators  because  of  clogged  diversion  and 
distribution  systems.  Intensive  algal  growths  cause  extreme  diurnal 
fluctuations  in  dissolved  oxygen  concentrations  in  some  streams  and 
reservoirs  such  as  Brownlee.  A recent  fish  kill  in  American  Falls 
Reservoir  has  been  attributed  to  low  dissolved  oxygen  levels  result- 
ing from  decomposition  of  dead  algal  cells.  Other  nutrients,  derived 
principally  from  pulp  and  paper  wastes,  have  contributed  to  the 
periodic  slime  problem  in  the  lower  Columbia  River.  Fouling  of 
sport  and  commercial  fishing  gear  has  resulted  from  the  slime  growths. 

Surface  waters  in  the  region  generally  contain  less  than 
250  mg/1  of  dissolved  solids,  and  only  in  a few  small  areas  does  the 
dissolved  solids  content  exceed  1,000  mg/1.  The  streams  in  the 
mountainous  parts  of  the  region  usually  have  a dissolved  solids 
content  of  less  than  100  mg/1,  and  some  have  less  than  50  mg/1. 

The  dissolved  solids  content  of  water  in  lakes  with  no  outlets  in 
the  Oregon  Closed  Basin  and  Central  Washington  ranges  from  1,000 
to  70,000  mg/1  or  more. 

Saltwater  intrusion  into  the  Columbia  River  estuary  reaches 
about  23  miles  upstream  from  the  mouth.  For  the  majority  of  streams 
adjacent  to  saline  water,  the  extent  and  degree  of  saltwater  intru- 
sion are  not  accurately  known. 

Although  irrigation  is  extensive,  the  majority  of  the  streams 
in  the  region  have  a dissolved  solids  content  of  less  than  500  mg/1. 
The  chemical  composition  of  the  dissolved  solids  will  vary,  depend- 
ing upon  the  soils  of  the  drainage  basin;  but  calcium,  magnesium, 
and  bicarbonate  are  usually  the  principal  constituents.  Sodium  is 
a main  constituent  in  some  streams  tributary  to  the  Snake  River. 
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The  areas  of  greatest  sediment  yield  are  the  windblown-soil 
areas  in  the  Palouse  and  Walla  Walla  River  basins  of  southeastern 
Washington.  There  is  a considerable  range  in  the  quantity  of  fluvial 
sediment  transported  by  the  remaining  streams  in  the  region. 

Streams  draining  the  more  arid  parts  of  the  region  will,  as 
a general  rule,  transport  higher  concentrations  of  fluvial  sediment 
than  those  draining  the  humid,  forested  parts.  However,  on  an  annual 
basis,  more  sediment  may  often  be  transported  from  the  forested  areas 
because  of  more  frequent  storms  and  larger  volumes  of  water.  Streams 
originating  from  glaciers  will  transport  rock  material  called 
"glacial  flour"  during  the  summer  months  when  the  glaciers  are  melt- 
ing, while  those  whose  low  flow  is  derived  from  ground  water  will 
remain  relatively  free  of  fluvial  sediment  in  summer.  Short  term 
sediment  concentrations  as  high  as  316,000  mg/1  have  been  measured 
in  the  high-yield  area  near  Walla  Walla,  Washington. 

Many  streams  moving  relatively  small  quantities  of  sediment 
may  be  turbid  during  the  higher  flow  periods.  Industries  requiring 
water  with  very  low  concentrations  of  fluvial  sediment  or  turbidity 
would  have  to  treat,  at  some  time  during  the  year,  almost  all  surface 
waters . 


Toxic  elements  and  compounds  are  not  normally  found  in  the 
waters  of  the  region.  However,  some  streams  have  been  rendered 
biologically  sterile  and  nonproductive  because  of  mine  wastes.  This 
type  of  problem  occurs  in  reaches  of  streams  such  as  the  South  Fork 
Coeur  d'Alene,  Pend  Oreille,  and  Clark  Fork  Rivers.  In  1966,  fish 
below  American  Falls  Reservoir  accumulated  lethal  dosages  of  pest- 
icides in  their  livers  and  viscera.  Other  fish  kills  have  been 
reported  throughout  the  region  from  accidental  spills  of  pesticides 
and  other  toxicants.  Oil  spills  have  been  becoming  an  increasingly 
important  pollution  problem  in  the  Puget  Sound,  Coastal  and 
Willamette  Subregions. 

Supersaturated  levels  of  dissolved  nitrogen  as  high  as  140 
percent  have  recently  been  reported  by  the  Bureau  of  Commercial 
Fisheries.  The  condition  persists  all  along  the  Columbia  River  from 
Grand  Coulee  Dam  to  the  mouth  and  in  the  Lower  Snake  River  when  flows 
are  high  enough  to  require  spills.  This  condition  presents  a threat 
to  migratory  salmonids.  If  the  fish  are  forced  from  the  depths  to 
the  surface  by  barriers  to  their  migration,  or  pass  through  signifi- 
cantly higher  temperatures  in  thermal  plumes,  nitrogen  bubbles  can 
form  in  their  bloodstreams,  causing  nitrogen  embolism  similar  to 
"the  bends."  The  supersaturation  phenomenon,  especially  its  persis- 
tence throughout  the  Lower  Columbia,  is  not  well  understood  as  yet, 
and  no  specific  limits  have  been  set  for  dissolved  nitrogen  in  state 
water  quality  standards.  Any  concentration  of  nitrogen  in  excess  of 
saturation  may  result  in  a condition  lethal  to  fish. 
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The  potential  of  abnormally  high,  and  perhaps  even  harmful, 
levels  of  radioactivity  in  the  Columbia  River,  exists  primarily  as 
a consequence  of  discharges  of  the  Hanford  Atomic  Works  upstream 
from  Richland,  Washington.  Levels  of  activity  to  date  have  not 
approached  the  limits  established  by  the  Atomic  Energy  Commission 
(AEC);  and  continuous  monitoring  by  AEC  and  Battelle-Northwest, 
supplemented  by  that  of  the  States  of  Washington  and  Oregon  and 
FWQA,  will  provide  adequate  warning  if  a hazard  develops.  Radio- 
nuclides of  particular  concern  in  the  Columbia  River  are  zinc-65 
and  phosphorus - 32 . Zinc-65  and  phosphorus-32  tend  to  concentrate 
in  the  food  chain  of  organisms  in  the  Columbia  River.  The  Columbia 
River  below  Hanford  Works  has  a mean  count  of  583  picocuries/liter . 
The  Public  Health  Service  (PHS)  raw  water  supply  standard  is  1,000 
picocuries/liter. 


Summary  of  Problems 


Figure  3 presents  a graphical  summary  of  major  water  pollution 
problem  areas  in  the  Columbia-North  Pacific  Region.  The  types  of 
problems  include  bacterial  contamination,  low  dissolved  oxygen,  high 
temperatures,  prolific  aquatic  growths,  and  biological  sterilization. 


The  most  widespread  and  important  problem  from  the  public 
health  aspect  is  that  of  bacterial  contamination.  Nearly  every 
stream  below  major  population  centers  fails  to  meet  generally  ac- 
cepted coliform  bacteria  criteria  for  water-contact  recreation 
and  water  supply  sources. 


Also  particularly  important  in  the  region  are  the  areas  of 
low  dissolved  oxygen,  since  salmonid  fish  require  dissolved  oxygen 
levels  of  at  least  5.0  mg/1  for  migration  and  higher  levels  for 
rearing  and  spawning.  Most  dissolved  oxygen  problems  result  from 
the  discharge  of  inadequately  treated  municipal  and  industrial  wastes. 
Impoundments  also  have  a significant  effect  on  the  dissolved  oxygen 
level . 


High  water  temperatures  (above  68°  F,  20°  C)  in  the  lower 
Columbia  and  Lower  Snake  Rivers  and  several  coastal  streams  have 
deleterious  effects  on  anadromous  fish. 

Nitrogen  supersaturation  is  a serious  problem  throughout  the 
Lower  Snake  and  Columbia  Rivers.  Nitrogen  supersaturation  results 
from  spills  over  dams.  High  temperatures  seem  to  magnify  its  toxic 
effect.  A special  study  is  underway  to  determine  the  reason  for  its 
persistence  in  the  river,  its  lethal  limits  and  possible  solutions. 

Aquatic  growths  which  can  cause  taste  and  odor  problems,  clog 
irrigation  canals,  fish  nets  and  lines,  reduce  aesthetic  appearance, 
and  depress  dissolved  oxygen  levels,  occur  in  a number  of  areas. 
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The  Snake  River  and  lower  Columbia  River  are  probably  the  most 
notable  examples  of  this  problem. 

A few  stream  reaches  have  been  rendered  biologically  sterile 
by  the  discharge  of  heavy  metals  from  mining  operations. 


FUTURE  WATER  QUALITY  MANAGEMENT  NEEDS 

The  future  demand  for  water  quality  control  is  related  to 
the  requirements  both  physical  and  institutional,  which  are  neces- 
sary to  assure  that  water  quality  is  suitable  for  recognized  bene- 
ficial water  uses.  This  "demand"  is  somewhat  different  than  that 
required  to  satisfy  a given  use  such  as  municipal  and  industrial 
water  supply  or  irrigation.  The  quality  that  must  be  maintained 
to  allow  future  use  has  to  be  evaluated  in  terms  of  the  use  to  be 
protected  or  enhanced.  The  demands  for  water  quality  control  are, 
therefore,  directly  influenced  by  use-oriented  water  quality  objec- 
tives. Such  objectives  have  now  been  established  for  interstate 
and  some  intrastate  waters  of  the  Columbia-North  Pacific  Region 
by  the  Idaho  Department  of  Health,  Oregon  Department  of  Environ- 
mental Quality,  Montana  Department  of  Health,  and  Washington  Water 
Pollution  Control  Commission. 
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Derived  from  Economic  Base  and  Projections,  Appendix  VI,  C-NP  Framework  Study,  January  1971,  and  from  North  Pacific  Division  Corps  of 
Engineers  data.  Municipal  populations  in  this  table  are  assumed  to  be  equal  to  the  population  served  by  a municipal  sewage  system. 
Differences  in  totals  between  the  sources  and  this  table  are  due  to  differences  in  subregion  boundaries.  The  sources  are  based  on 
economic  boundaries  and  this  table  is  based  on  hydrologic  boundaries . 


Future  Waste  Production 


Future  water  quality  will  be  affected  by  several  economic 
factors --population  growth,  industrial  expansion,  irrigation,  ag- 
ricultural production,  other  land  uses,  and  recreation.  As  this 
growth  occurs,  the  production  of  wastes  and  water  quality  problems 
will  likewise  increase.  Looking  ahead  to  1980  and  beyond  to  2000 
and  2020  at  these  factors  provides  the  primary  source  for:  (1) 

projecting  the  quantity  and  location  of  wastes  and  (2)  determining 
the  means  to  preserve  water  quality  and  to  protect  the  water  uses 
of  any  given  water-course. 

{ 

Future  water  quality  management  needs  are  determined,  in 
large  part,  by  the  magnitude  of  future  municipal  and  industrial 
waste  production.  Projections  of  raw  waste  production  have  been 
made  by  utilizing  information  and  economic  factors  developed  in  the 
Economic  Base  Study  for  Appendix  VI,  Columbia-North  Pacific  Region 
Comprehensive  Framework  Study. 

The  projected  raw  waste  loads  are  generally  expressed  in 
population  equivalents,  which  are  used  as  a convenience  to  relate 
different  waste  sources  to  a common  base.  This  equivalency  applies 
only  to  the  oxygen-demanding  properties  of  a waste. 


Table  4 - Present  and  Projected  Municipal  Raw  Organic 
Waste  Production  - Columbia-North  Pacific  Region 


Subregion 

1970  1/ 

1980 

2000 

2020 

(1,000's  P 

.E.) 

1 

497.1 

620.7 

886.2 

1204.2 

-y 

193.0 

241.8 

362.6 

494.9 

3 

137.0 

165.6 

237.0 

331.3 

4 

201.9 

265.3 

420.0 

611.0 

5 

211.3 

265.7 

406.2 

575.4 

6 

127.1 

154.0 

211.0 

267.8 

7 

157.6 

191.2 

272.2 

364.0 

8 

134.2 

195.7 

306.8 

448.0 

9 

1,559.9 

1,915.8 

2,699.7 

4,103.9 

10 

312.3 

367.3 

511.2 

685.0 

11 

1,929.4 

3,183.6 

5,118.0 

8,208.0 

12 

TOTALS 

6.6 

5,467.4 

8.6 

7,575.3 

11.9 

11,442.8 

15.6 

17,309.1 

\J  Interpolated  between  1965  data  and  1980  projections  to  determine 
population. 
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Municipal 

The  municipal  waste  production  estimates  are  based  on  dis- 
tributed populations  shown  in  table  3.  A factor  of  1.25  was  applied 
to  the  municipal  population  components  to  account  for  the  effects  of 
small  commercial  establishments  and  other  urban  activities  which  add 
to  municipal  waste  loads.  The  projected  municipal  raw  wastes  for 
the  region  and  subregions  are  presented  in  table  4. 

Municipal  raw  wastes  are  projected  to  increase  from  5.5 
million  PE  in  1968  to  17.9  million  PE  in  the  year  2020.  Seventy 
percent  of  these  wastes  will  be  generated  in  the  Willamette  and 
Puget  Sound  Subregions. 

Industrial 


Industrial  waste  production  was  estimated  for  pulp  and  paper, 
lumber  and  wood  products,  food  products,  primary  metals  and  chemical 
products  by  subregion.  For  these  industries,  future  waste  production 
is  the  product  of  present  raw  waste  production  and  a growth  index; 
however,  consideration  has  been  given  anticipated  changes  in  in- 
plant  technology  which  will  result  in  a lower  waste  production  than 


Table  5 - Industrial  Growth  Indices 
Columbia-North  Pacific  Region  (5) 


I timber  and 


l-ood 

Products!/ (5) 

Pulp 

and  Paper!' 

(.51  Wood 

Product sx/  ( 2 1 

) Primary  Metals!/ ( 1 

7)Chemi 

ca  1 si/ 

(17) 

Sub  reg  i on 

1980 

2000 

2020 

1980 

2000 

2020 

1980 

2000 

2020 

1980 

2000 

2020 

1980 

2000 

2020 

1 

1.29 

1.79 

2.46 

1.95 

3.29 

3.59 

0.99 

0.91 

0.8i 

1.29 

1.44 

1.74 

1.37 

1.93 

2.66 

2 

2. 17 

3.44 

5.22 

2 . 67 

4.33 

6.6" 

1.36 

1.5S 

1.63 

1.37 

1.67 

1.97 

1.27 

1.59 

1 .91 

3 

1.62 

2.36 

3.39 

- 

- 

- 

1.39 

1.69 

1.85 

- 

- 

_ 

1.24 

1.55 

1.85 

4 

1.70 

2.46 

3.13 

- 

1.00 

1 . 14 

1.14 

1 .00 

- 

- 

- 

1.50 

2.20 

3.02 

5 

1.63 

2.36 

3.05 

1.00 

2.62 

5.33 

1.12 

1.22 

1.13 

_ 

_ 

- 

_ 

_ 

- 

6 

1.34 

2.54 

2.79 

1.21 

1.38 

1.56 

1.17 

1.28 

1.21 

- 

_ 

- 

_ 

. 

_ 

7 

1.66 

2.30 

3.18 

1.34 

2.12 

2.31 

1.09 

1.16 

1.23 

2.93 

3.29 

3.67 

_ 

- 

8 

1.54 

2.15 

2.97 

1.48 

2.13 

2.34 

0.92 

0.96 

0.88 

1 .94 

2.21 

2.47 

1.53 

2.31 

3.23 

9 

1.48 

2.05 

2.86 

2.  14 

2.71 

2.81 

0.69 

0.69 

0.72 

1.93 

2.17 

2.42 

1.53 

2.31 

3.23 

10 

1.63 

2.25 

3.12 

1.90 

2.49 

2.64 

0.82 

0.77 

0.73 

2.73 

4.08 

5.06 

1.53 

2.31 

3.23 

11 

1.50 

2.09 

2.88 

1.42 

2.07 

2.2" 

1.16 

1.13 

0.95 

1.27 

1.31 

1.34 

1.42 

1.98 

2.62 

12 

1.61 

3.21 

4.40 

- 

- 

1 .04 

1.04 

1.07 

- 

- 

- 

- 

- 

Total  Region 

1.57 

2.22 

3..  02 

1.62 

2.33 

2.59 

0.93 

0.92 

0 . 89 

1.55 

1.76 

1.97 

1.37 

1.85 

2.41 

1/  Base  year 

- 1963. 

2/  Base 

year 

- 1965  ~ 

3/  Base 

year 

- 1960. 
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calculated  using  the  growth  index.  Raw  waste  projections  for  Sub- 
regions  9 and  11  were  determined  from  the  respective  type  2 studies 
rather  than  the  indices  shown  for  those  subregions.  As  in  the  other 
subregions,  the  projected  waste  production  was  reduced  due  to  antici- 
pated technology  changes. 

The  growth  indices  are  shown  in  table  5.  No  attempt  has  been 
made  to  reduce  the  indices  to  a single  base  year  as  it  is  felt  that 
the  reliability  of  projections  made  using  any  current  inventory  would 
be  unaffected.  The  base  years  have  been  indicated  so  that  value 
judgments  could  be  made  by  the  user,  if  necessary. 

Total  industrial  raw  waste  production  estimates  for  1980, 

2000,  and  2020  are  presented  in  table  6 for  each  subregion. 


Table  6 - Present  and  Projected  Industrial  Raw  Organic  Waste 
Production  - Columbia-North  Pacific  Region  1/ 


Subregion 

1970  2/ 

1980 

2000 

2020 

Cl, 

,000's  P.E.) 

1 

590.7 

792.2 

974.8 

1,104.5 

2 

2,252.9 

3,206.1 

5,097.0 

7,717.3 

3 

553.2 

1,201.5 

1,731.9 

2,502.1 

4 

3,229.9 

4,547.0 

6,710.0 

8,519.0 

5 

947.7 

1,418.0 

2,355.0 

3,521.0 

6 

534.3 

626.2 

738.3 

831.2 

7 

1,508.7 

2,030.7 

2,672.3 

3,472.3 

8 

3,776.2 

4,709.5 

6,861.0 

7,547.5 

9 3/ 

3,450.2 

4,141.9 

5,954.7 

7,652.1 

10 

5,433.6 

7,799.0 

9.391.0 

10,290.0 

11  3/ 

14,334.0 

15,008.0 

16,454.0 

18,886.0 

12 

-- 

-- 

-- 

-- 

Total 

C-NP  Region 

36,611.4 

45,480.1 

58,940.0 

72,043.0 

1/  Base  data  from  FWPCA  inventory  of  municipal  and  industrial 
wastes,  1968. 

2/  Interpolated  from  1965  data  and  1980  projections. 

3/  Considers  changes  in  in-plant  processes. 


53 


The  industrial  waste  load  is  expected  to  increase  from  about 
33.4  million  PE  in  1965  to  nearly  91  million  PE  in  the  year  2020. 
The  pulp  and  paper  industry  will  remain  the  largest  waste  source, 
accounting  for  over  71  percent  of  the  organic  loading  in  2020.  It 
was  assumed  for  projection  purposes  that  all  new  pulp  mills  in  the 
region  would  be  of  the  sulfate  (kraft)  process.  The  food  products 
industry  will  continue  to  be  the  next  largest  industrial  waste 
source,  producing  about  25  million  PE  by  the  year  2020.  The  lumber 
and  wood  products  and  other  miscellaneous  industries  are  expected 
to  be  relatively  minor  industrial  organic  waste  sources. 

The  primary  metals  and  chemical  products  industries  will  be 
important  sources  of  inorganics,  heat,  and  sometimes  toxic  waste 
material.  The  future  magnitude  and  nature  of  these  wastes  are 
difficult  to  determine  and  will  be  discussed  in  applicable  sub- 
regional sections. 

Waste  heat  produced  by  thermal  power  plants  will  be  a poten- 
tial threat  to  water  quality--and  in  particular  to  the  ecological 
balance  of  region  waters.  Because  once-through  cooling  will  not 
be  practiced  on  inland  streams  in  the  immediate  future,  major  water 
quality  problems  are  not  anticipated. 


Table  7 - Present  and  Projected  Rural -Domestic  Raw  Organic  Waste 
Production  - Columbia-North  Pacific  Region 


Subregion 

1970  1/ 

1980 

2000 

2020 

(1,000's 

P.E.) 

1 

231.9 

202.0 

188.2 

177.3 

2 

119.9 

129.1 

140.7 

152.  i 

3 

83.8 

78.7 

68.8 

62.0 

4 

157.1 

138.6 

114.5 

87.7 

5 

119.5 

116.2 

105.4 

95.2 

6 

71.4 

70.3 

65.8 

60.1 

7 

97.8 

99.0 

103.3 

113.2 

8 

124.4 

98.3 

79.0 

55.9 

9 

602.2 

231 .9 

257.3 

299.8 

10 

197.1 

194.6 

191.4 

187.8 

11 

680.9 

181.0 

206.7 

243.0 

12 

9.0 

9.4 

9.2 

8.8 

Total 

C-NP  Region 

2,495.0 

1,549.1 

1,530.3 

1,540.9 

1 J Interpolated  from  1965  data  and  1980  projections, 
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Rural -Domestic 


The  rural-domestic  waste  production  was  projected  as  equal 
to  the  rural  population  component  as  shown  in  table  3.  The  pro- 
jected rural  waste  production  by  subregion  is  summarized  in  table  7 
for  the  years  1970,  1980,  2000,  and  2020. 

Irrigation 

At  present,  irrigation  is  the  greatest  water  consumer  and 
depletes  the  water  resource  the  most.  In  1965,  there  were  approx- 
imately 7.34  million  acres  of  irrigated  land,  which  required  an 
annual  water  diversion  rate  of  4 1/2  acre-feet  per  acre.  About 
45-50  percent  of  the  diverted  water  is  actually  consumed,  and  the 
remainder  returns  to  the  streams  directly  through  channels  or  in- 
directly through  ground-water  aquifers.  It  is  estimated  that  by 
the  year  2020  about  13.5  million  acres  of  land  will  be  irrigated; 
however,  the  diversion  rate  is  expected  to  decrease.  Depletion  of 
water  for  irrigation  use  will  increase  to  almost  30  million  acre- 
feet  . 


A summary  of  projected  irrigated  acreage  by  subregion  is 
presented  in  table  8.  The  major  areas  of  irrigation  will  continue 
to  be  in  the  Upper  and  Central  Snake,  Upper  Columbia,  and  Yakima 
Subregions.  The  Mid  Columbia  and  Willamette  Subregions  will  prob- 
ably experience  significant  irrigation  developments.  As  more  and 
more  area  is  irrigated,  the  potential  for  water  depletion  and  the 
resultant  water  quality  problems  increase. 


Table  8 - Projected  Total  Irrigated  Area 
Columbia-North  Pacific  Region  (8)2/ 


Subregion  1980  2000  2020 

Thousand  Acres,  rounded 


1 860 

2 1,280 

3 550 

4 2,920 

5 1,950 

6 440 

7 860 

8 60 

9 430 

10  280 

11  138 

12  330 

Regional  Total  10,098 


J J These  data  arc  approximately  3 
irrigated  cropland  as  shown  in 


950 

1,320 

1,490 

1,920 

570 

610 

3,030 

3,210 

2,120 

2,460 

550 

770 

950 

1,220 

70 

100 

850 

1,000 

290 

330 

186 

223 

340 

340 

1 1,39b 

13,503 

percent  greater  than  total 
table  9,  reflecting  an  allowance 


for  irrigated  noncropland. 
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Tabic  9 - Land,  Uses,  1960  ami  Projections  for  1980,  2000,  and  2020 
Columbia-North  Pacific  Region  and  Subregions  (5) 


Subregion 

Land  Use 

1966 

1980 

2000 

2020 

(Thousands 

of  Acres) 

1 

Cropland 

1,552 

1,737 

1 ,739 

1,930 

Irrigated 

(465) 

(833) 

(925) 

(1,280) 

Nonirrigated 

(1,087) 

(904) 

(814) 

(650) 

Forest 

18,242 

18,118 

17,974 

17,784 

Range 

1 ,698 

1 ,439 

1,411 

1,237 

Other 

1,327 

1,414 

1,530 

1 ,644 

Miscellaneous 

(212) 

(225) 

(245) 

(272) 

Total 

22,819 

22,708 

22,654 

22,595 

2 

Cropland 

3,309 

3,451 

3,345 

3,300 

Irrigated 

(707) 

0,242) 

0,448) 

0,866) 

Nonirrigated 

(2,602) 

(2,209) 

0,897) 

(1,434) 

Forest 

5,652 

5,624 

5,653 

5,674 

Range 

4,584 

4,363 

4,360 

4 ,300 

Other 

536 

570 

616 

662 

Mi see  1 laneous 

008) 

(114) 

022) 

(131) 

Total 

24,081 

14,008 

13,974 

13,936 

3 

Cropland 

686 

724 

736 

768 

Irrigated 

(490) 

(536) 

(552) 

(590) 

Nonirri gated 

(196) 

(188) 

084) 

(178) 

Forest 

1,509 

1,500 

1 ,490 

1 ,468 

Range 

1,535 

1,486 

1,462 

1,428 

Other 

121 

135 

153 

173 

Mi seel laneous 

(52) 

(57) 

(65) 

(73) 

Total 

3,851 

3,845 

3,841 

3,837 

4 

Cropland 

3,781 

3,906 

3,872 

3,860 

I rrigated 

(2,410) 

(2,842) 

(2,944) 

(3,119) 

Nonirrigated 

(1,371) 

0,064) 

(928) 

(741) 

Forest 

4 ,297 

4,273 

4,254 

4,206 

Range 

13,556 

13,362 

13,355 

13,350 

Other 

1 ,048 

1 ,069 

1 ,097 

1,127 

Miscellaneous 

(107) 

(114) 

(124) 

036) 

Total 

22,682 

22,610 

22,578 

22,543 

5 

Cropland 

1 ,629 

2,082 

2,184 

2,453 

Irrigated 

(1,421) 

(1,900) 

(2,062) 

(2,389) 

Nonirrigated 

(208) 

(182) 

022) 

(64) 

Forest 

4,19! 

4,174 

4,152 

4,129 

Range 

16,839 

16,332 

16,200 

15,897 

Other 

739 

764 

795 

830 

Miscel] aneous 

(73) 

(80) 

(90) 

(102) 

Total 

23,398 

23,352 

23,331 

25,309 

6 

Cropland 

3,078 

3,058 

3,046 

3,035 

Irrigated 

(268) 

(432) 

(531) 

(743) 

Nonirrigated 

(2,820) 

(2,626) 

(2,515) 

(2,292) 

Forest 

13,537 

13,492 

15,436 

13,380 

Range 

5,042 

5 ,040 

5,038 

5,036 

Other 

714 

763 

823 

882 

Mi  see  1 laneous* 

(49) 

(53) 

(57) 

(60) 

Total 

22,371 

22,353 

22,343 

22,333 

7 

Cropland 

3,571 

3,729 

3,735 

3,805 

I rrigated 

(525) 

(834) 

(918) 

(1,186) 

Noni rrigated 

(3,046) 

(2,895) 

(2,817) 

(2,619) 

Forest 

8,328 

8,274 

8,206 

8,118 

Range 

6,358 

6,176 

6,162 

6,106 

Other 

565 

613 

675 

733 

Miscellaneous 

(81) 

(86) 

(93) 

O01) 

Total 

18,822 

18,792 

18,778 

18,762 
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Table  9 (Cont.) 


Sub  region 

Land  Use 

1966 

1980 

2000 

2020 

( Thousands 

of  Acres ) 

8 

Cropland 

201 

176 

145 

134 

I rrigated 

(17) 

(54) 

(66) 

(98) 

Non irrigated 

(184) 

(122) 

(79) 

(36) 

Forest 

2,665 

2,652 

2 ,649 

2,618 

Range 

68 

65 

60 

60 

Other 

259 

282 

312 

344 

Miscellaneous 

(SI) 

(52) 

(54) 

(58) 

Total 

3,195 

3,175 

3 , 166 

3,156 

9 

Cropland 

1,456 

1,384 

1 ,420 

1,250 

I rrigated 

(244) 

(417) 

(824) 

(970) 

Nonirrigated 

(1,212) 

(967) 

(596) 

(280) 

Forest 

5,272 

5,221 

5,056 

5,089 

Range 

59 

55 

50 

48 

Other 

816 

911 

1 ,031 

1 , 156 

Miscellaneous 

(555) 

(613) 

(683) 

(770) 

Total 

7,603 

7,571 

7,557 

7,543 

10 

Cropland 

585 

472 

421 

370 

I rrigated 

(175) 

(270) 

(284) 

(316) 

Nonirrigated 

(410) 

(202) 

(137) 

(54) 

Forest 

13,829 

13,795 

13,747 

13,700 

Range 

168 

160 

150 

140 

Other 

472 

587 

676 

764 

Miscellaneous 

(124) 

(133) 

(143) 

(156) 

Total 

15,054 

15,014 

14,994 

14,974 

11 

Cropland 

591 

470 

403 

385 

I rrigated 

(92) 

(134) 

(180) 

(216) 

Nonirrigated 

(499) 

(336) 

(223) 

(169) 

Forest 

6,429 

6,419 

6 , 336 

6,189 

Range 

105 

105 

100 

92 

Other 

1,322 

1,433 

1,576 

1,737 

Miscellaneous 

(567) 

(634) 

(721) 

(828) 

Total 

8,447 

8,427 

8,415 

8,403 

12 

Cropland 

365 

363 

361 

352 

I rrigated 

(317) 

(324) 

(326) 

(332) 

Nonirrigated 

(48) 

(39) 

(35) 

(20) 

Forest 

1 ,893 

1,874 

1 ,842 

1,805 

Range 

8,733 

8,726 

8,741 

8,767 

Other 

404 

413 

424 

436 

Miscellaneous 

(8) 

(8) 

(9) 

(9) 

Total 

11,395 

11,376 

1 1 , 368 

11 ,360 

C-NP 

Cropland 

20,804 

21 ,552 

21,407 

21 ,642 

I rrigated 

(7,132) 

(9,819) 

(11 ,060) 

(13,105) 

Noni rri gated 

(13,672) 

(11,733) 

(10,347) 

(8,537) 

Forest 

85,844 

85,416 

84,795 

84,160 

Range 

58,745 

57,309 

57,089 

56,461 

Other 

8,323 

8,954 

9,708 

10,488 

Miscel laneous 

(1,987) 

(2,169) 

(2,406) 

(2,696) 

Total 

173,716 

173,231 

172,999 

172,751 

57 
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Other  Land  Uses 


Forest,  range,  crop,  and  urban  lands  will  receive  more  inten- 
sive utilization  during  the  projection  period.  As  a result,  land 
use  and  management  practices  will  become  increasingly  significant 
waste  sources.  The  increased  use  of  fertilizers,  pesticides,  and 
herbicides  will  also  have  important  water  quality  impacts. 

Projections  of  land  use  in  the  Columbia-North  Pacific  Region, 
by  major  types  of  land  use,  are  shown  in  table  9.  The  four  types 
of  land  use  projected  are  cropland,  forest  and  woodland,  range  and 
pasture  land,  and  other  land  for  the  years  1966,  1980,  2000,  and 
2020.  The  other  land  use  category  is  composed  of  barren  land, 
roads  and  railroads,  small  bodies  of  water,  industrial  areas, 
farmsteads,  and  airports. 

The  projections  show  a decrease  in  forested  land  area  of 
approximately  three  percent  by  the  year  2020.  In  contrast,  the 
wood  consumption  demand  by  the  pulp  and  paper,  and  lumber  and  wood 
products  industries  is  expected  to  increase  by  1-1/4  times  during 
the  same  period.  The  potential  for  erosion  and  stream  damage  will 
be  greater  as  more  intensive  harvesting  methods  are  employed  by 
forest  users. 

Aside  from  sediment  the  most  important  waste  source  from 
croplands  during  the  projection  period  will  be  fertilizers,  pest- 
icides, and  herbicides.  Once  these  materials  have  entered  the 
receiving  waters,  they  cannot  be  "managed"  in  the  usual  sense  of 
the  word.  Present  monitoring  techniques  are  not  capable  of  detect- 
ing the  small  concentrations  that  can  cause  damage  to  aquatic 
organisms.  If  too  high  a concentration  of  these  compounds  reaches 
the  water  courses,  by  direct  application,  rainfall  runoff,  or  ir- 
rigation return  flows,  a significant  deterioration  of  water  quality 
i will  occur.  It  is  expected  that  the  use  of  fertilizers  will  be 

' more  widespread,  since  an  average  increase  in  crop  yield  is  pro- 

jected and  only  a slight  increase  in  land  area  for  crops  is  antici- 
pated. 

Livestock  and  big  game  animals  feeding  on  range  and  pasture 
lands  near  watercourses  are  potential  pollution  hazards.  If  animal 
populations  grow  too  large,  overgrazing  and  accelerated  erosion  will 
result.  However,  this  problem  is  not  expected  to  increase  signifi- 
cantly in  the  future,  since  the  trend  will  be  to  concentrate  large 
numbers  of  animals  in  feedlots. 

Runoff  from  urban  areas  will  have  an  impact  on  water  quality 
in  several  parts  of  the  region  that  will  exceed  that  of  agricultural 
drainage.  Besides  the  flushing  of  materials  to  watercourses  that 
accompanies  precipitation,  urban  area  runoff  that  is  channeled  through 
sanitary  sewers  may  cause  an  overloading  of  sewage  treatment  plants 
that  forces  the  discharge  of  inadequately  treated  wastes  to  streams. 
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Agricultural  Animals 


Farm  animals,  whether  fed  in  concentrated  lots  or  grazed  on 
pastures,  will  produce  large  amounts  of  waste.  A summary  of  organic 
waste  production  by  the  livestock  population  in  the  region  is  pre- 
sented in  table  10  for  1980,  2000,  and  2020.  As  shown  in  the  table, 
it  is  estimated  that  a waste  production  equivalent  to  84.3  million 
PE  will  be  generated  daily  by  the  year  2020.  It  is  expected  that 
more  cattle  will  be  on  feedlots  by  the  year  2020,  and  runoff  from 
feedlots  and  stockyards  will  pose  a health  problem,  as  well  as  a 
possible  depletion  of  oxygen  in  receiving  waters.  A study  now  be- 
ing established  on  the  dairy  herd  located  on  Washington  State's 
honor  farm  near  Monroe,  Washington,  should  provide  considerable 
specific  information  on  the  dairy  cattle  waste  problem. 

Table  10  - Projected  Livestock  Raw  Organic  Waste  Production 
Columbia-North  Pacific  Region  (5)  (16)  (20) 


Subregion 

1980 

2000 

Million  Population 

2020 

Equivalents 

1 

4.2 

5.5 

7.3 

2 

4.4 

5.9 

7.7 

3 

3.4 

4.5 

5.9 

4 

8.8 

12.0 

15.8 

5 

7.9 

10.5 

13.8 

6 

4.2 

5.6 

7.4 

7 

5.7 

7.6 

10.0 

8 

1.5 

2.3 

3.1 

9 

3.0 

4.0 

5.2 

10 

1.4 

1.8 

2.4 

11 

3.8 

5.0 

6.6 

12 

1.3 

1.8 

2.3 

Total  C-NP  Region 

49.6 

66.5 

87.5 

1/  Based  on  BOD, 

2]  Growth  indices  used  to  develop  population  equivalents  are 
based  on  economic  boundaries.  No  significant  difference 
results  from  use  of  economic  boundaries  or  hydrologic  boundaries 
for  agricultural  projections. 


Recreation 


Recreation  is  expanding  in  ever-increasing  forms.  Wastes 
generated  by  recreational  activities  are  expected  to  increase  to  6 
million  PE  by  2020--approximately  5 times  present  levels.  People 
gathered  at  campgrounds,  at  beaches,  on  lakes,  and  on  small  streams 


or  rivers  are  expected  to  be  significant  sources  of  bacterial  con- 
tamination and  litter  in  the  form  of  trash  and  garbage.  Organic 
oxygen  demand  is  onlv  a secondary  factor  for  recreational  wastes. 

J 

Recreational  waste  production  was  based  primarily  on  pro- 
jections of  water-related  and  non-water-related  recreation  days. 
Projected  raw  wastes  summarized  for  the  region  are  shown  on  table  11. 

Table  11  - Projected  Recreational  Raw  Waste  Production 
Columbia-North  Pacific  Region  1/ 
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Subregion 

1970 

1980 

(1 ,000' 

2000 
's  P.E.) 

2020 

1 

119.5 

162.0 

298.0 

549.0 

2 

76.0 

103.0 

189.0 

345.5 

3 

42.0 

57.5 

105.5 

195.0 

4 

90.0 

122.5 

225.0 

414.5 

5 

95.0 

128.5 

237.0 

436.5 

6 

43.5 

59.0 

108.5 

200.5 

7 

76.0 

115.5 

213.0 

392.0 

8 

31.0 

43.0 

77.5 

143.0 

9 

169.4 

229.0 

428.2 

801.2 

10 

253.0 

344.0 

633.0 

1,166.0 

11 

262.6 

360.8 

696.8 

1,351.8 

12 

Total 

8.6 

11.0 

19.0 

34.5 

C-NP  Region 

1,266.6 

1,735.8 

3,230.5 

6,029.5 

1/  Bureau  of  Outdoor  Recreation  and  U.  S.  D.  A.  Forest  Service  4 

Projections  for  total  man  recreation  days  (TMRD) . 

Navigation  and  Dredging 

Navigation  and  dredging  activities  are  expected  to  increase 
in  magnitude  and  scope  during  the  projection  period.  The  steadily 
increasing  trend  toward  large  freshwater  barges  and  large  carriers 
in  the  ocean  trade  may  necessitate  further  deepening  and  widening 
of  existing  or  authorized  channels.  Disposal  of  spoils  from  con- 
struction and  maintenance  of  channels  is  expected  to  become  more 
of  a problem  as  available  land  area  decreases  and  land  becomes  more 
valuable. 

The  primary  potential  source  of  oil  pollution  will  be  the 
discharge  from  vessels  of  oil-contaminated  ballast  and  bilge.  The 
problems  resulting  from  accidental  spills  of  oil  and  other  hazardous 
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materials,  whether  from  carriers  of  from  land-based  facilities,  can  be 
extremely  serious.  The  potential  size  of  spills  is  proportional  to 
the  columes  of  material  handled,  and  the  size  of  carriers,  pipelines, 
and  storage  facilities  is  constantly  increased. 


QUALITY  COALS 

The  Water  Quality  Standards  that  have  been  adopted  by  each 
state  in  the  region  are  the  quality  goals  for  that  state.  These 
Water  Quality  Standards  were  adopted  to  protect  the  water  quality 
suitable  for  the  beneficial  uses.  There  is  a wide  variety  of  uses 
which  provide  immeasurable  benefits,  both  economic  and  social.  These 
benefits  include  water  supply  for  industrial,  agricultural,  and 
municipal  use,  a natural  habitat  for  fish  and  wildlife,  water-oriented 
recreation,  and  transportation.  The  benefits  related  to  social  values 
and  mental  and  physical  welfare  such  as  aesthetics  are  impossible  to 
quantify  in  economic  terms.  Whether  quantifiable  or  not,  they  are 
very  real,  and  their  loss  would  have  a significant  social  and  economic 
impact . 


Past  experience  shows  that,  as  our  knowledge  increases,  water 
quality  requirements  become  more  restrictive.  Increasing  understand- 
ing of  the  relationship  between  man's  activities  and  water  quality 
has  seldom,  if  ever,  resulted  in  a relaxation  or  lessening  of  water 
quality  requirements.  This  trend  will  undoubtedly  continue. 

Some  waters  have  a higher  quality  than  the  minimum  levels 
assigned  for  protection  of  water  uses.  The  states  have  recognized 
that  scientific  knowledge  to  determine  the  exact  water  quality  re- 
quirements to  protect  specific  uses  is  limited,  and  have  subscribed 
to  the  "anti-degradation"  provision.  Following  is  a general  state- 
ment of  the  provision: 

"Waters  whose  existing  quality  is  better  than  the 
established  standards  as  of  the  date  on  which  such 
standards  become  effective  will  be  maintained  at 
that  high  quality  unless  it  has  been  affirmatively 
demonstrated  to  the  state  that  a change  is  justi- 
fiable as  a result  of  necessary  economic  or  social 
development  and  will  not  preclude  present  and  antic- 
ipated use  of  such  waters.  Any  industrial,  public 
or  private  project  or  development  which  would  con- 
stitute a new  source  of  pollution  or  an  increased 
source  of  pollution  to  high  quality  waters  will  be 
required  to  provide  the  necessary  degree  of  waste 
treatment  to  maintain  high  water  quality.  In  im- 
plementing this  policy,  the  Secretary  of  the 
Interior  will  be  kept  advised  in  order  to  discharge 
his  responsibilities  under  the  Federal  Water 
Pollution  Control  Act,  as  amended." 


; 
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Washington 

Washington  has  elected  to  use  the  classification  method  for 
the  major  water  streams  in  the  state.  The  streams  are  classified 
according  to  use,  and  criteria  are  established  to  protect  the  quality 
to  secure  those  uses.  Table  12  is  a non-inclusive  list  of  uses  to 
be  protected  by  the  various  classifications. 

The  following  parameters  are  commonly  used  for  the  water 
quality  criteria:  (1)  Dissolved  Oxygen,  expressed  in  either  milli- 

grams per  liter  (mg/1)  or  percent  saturation;  (2)  Total  Coliform 
Organisms , as  measured  in  terms  of  the  "most  probable  number"  (MPN) 
or  the  equivalent  "membrane  filter"  (MF)  technique,  expressed  in 
organisms  per  100  milliliters;  (3)  pH,  the  negative  logarithm  of 
the  hydrogen  ion  concentration;  and  (4)  Temperature , F. 


Table  12  - Characteristic  Uses  to  be  Protected,  Washington 
Columbia-North  Pacific  Region 


Uses 

Watercourses 
AA  A 

Classification 
B C 

Fisheries 

Salmonid 

Migration 

F M 

F 

M 

F M 

F M 

Rearing 

F M 

F 

M 

F M 

Spawning 

F 

F 

Warm  Water  Game  Fish 

Rearing 

F 

F 

F 

Spawning 

F 

F 

F 

Other  Food  Fish 

F M 

F 

M 

F M 

Commercial  Fishing 

F M 

F 

M 

F M 

Shellfish 

M 

M 

M 

Wildlife 

F M 

F 

M 

F M 

Recreation 

Water  Contact 

F M 

F 

M 

F M 

Boating  and  Fishing 

F M 

F 

M 

F M 

F M 

Environmental  Aesthetics 

F M 

F 

M 

F M 

F M 

Water  Supply 

Domestic 

F 

F 

Industrial 

F M 

F 

M 

F M 

F M 

Agricultural 

F 

F 

F 

F 

Navigation 

F M 

F 

M 

F M 

F M 

Log  Storage  & Rafting 

F M 

F 

M 

F M 

F M 

Hydro-power 

F 

F 

F 

F 

F - Fresh  Water  M - Marine  Water 


' 
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Table  13  shows  the  general  water  quality  criteria  for  the  various 
classifications.  Special  conditions  for  total  coliform  organisms 
and  temperature  have  been  established  for  a number  of  specified 
water  bodies.  However,  in  no  case  is  the  median  coliform  density 
to  exceed  1,000/100  ml  when  associated  with  any  fecal  source.  For 
a number  of  Class  A fresh  waters  supporting  salmonid  fisheries, 
the  water  temperature  standard  has  been  set  at  68°F.  Other,  less 
specific,  criteria  are  "toxic  or  deleterious  substances"  and 
"aesthetic  values"  and  are  expressed  in  narrative  rather  than  in 
numerical  values.  Toxic,  Radioactive,  or  Deleterious  Material 
Concentrations  shall  be  below  those  which  affect  public  health  or 
which  may  cause  acute  or  chronic  toxic  conditions  in  the  aquatic 
biota,  or  which  may  adversely  affect  any  water  use.  Aesthetic 
Values  shall  not  be  impaired  by  the  presence  of  materials  or  their 
effects,  excluding  those  of  natural  origin,  which  offend  the  senses 
of  sight,  smell,  touch,  or  taste,  and  affect  water  usage  or  taint 
the  flesh  of  edible  species. 


i 


Table  13  - Generalized  Water  Quality  Standards  Criteria 

for  Washington 


C 1 

ass 

Water  Quality  Criteria 

AA 

A 

B 

C 

Total  Coliform  0rganisms/100 

ml 

(median  values) 
Fresh  Water 

50 

240 

1 ,000 

1,000 

Marine  Water 

70 

70 

1,000 

1,000 

Dissolved  Oxygen  mg/1 
(Minimum  permissible  limits) 

70%  Sat. 

50%  Sat 

Fresh  Water 

9.5 

8.0 

6.5 

5.0 

Marine  Water 

7.0 

6.0 

5.0 

4.0 

Temperature  1/ 
Fresh  Water 

60°  F 

65°  F 

70°  F 

75°  F 

Marine  Water 

55°  F 

61°  F 

66°  F 

72°  F 

Turbidity 

< 5 JTU 

< 5 JTU 

< 10  JTU 

< 10  JTU 

over 

over 

over 

natural 

natural 

natural 

conditions  conditions  conditions 

1/  Special  conditions  regarding  temperature  for  specific  stream  reaches. 

Minor  streams  not  classified  are  covered  with  a general 
statement . 
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Washington  is  in  the  process  of  adopting  intrastate  Water 
Quality  Standards,  which  include  a separate  classification  for  lakes 
The  uses  for  lakes  are  the  same  as  for  Class  AA  waters  except  for 
navigation  and  shellfish  reproduction.  The  criteria  call  for  col- 
iform  organisms  not  to  exceed  a median  value  of  240  organisms  per 
100  ml,  and  20  percent  of  the  samples  should  be  less  than  1,000  per 
100  ml  when  associated  with  any  fecal  source.  Dissolved  Oxygen, 
Temperature,  and  pH  should  have  no  change  over  natural  conditions. 
Turbidity  should  not  exceed  5 JTU  over  natural  conditions. 

Oregon 


General  Water  Quality  Standards  have  been  adopted  for  Oregon 
which  apply  to  all  waters  of  the  state  except  where  they  are  super- 
seded by  Special  Water  Quality  Standards  applicable  to  specifically 
designated  waters  of  the  state.  The  General  Standards  protect 
" . . . existing  and  contemplated  needs  and  uses  of  water  for  dom- 
estic, municipal,  irrigation,  power  development,  industrial,  mining, 
recreation,  wildlife  and  fish  life  uses,  and  for  pollution  abatement 
all  of  which  are  declared  to  be  beneficial  uses,  and  all  other 
related  subjects,  including  drainage  and  reclamation."  The  Special 
Water  Quality  Standards  are  adopted  for  the  purpose  of  protecting, 
together  with  pertinent  General  Water  Quality  Standards,  the  bene- 
ficial uses  of  specified  waters  of  the  state  as  set  forth  in  table 
14. 


In  accordance  with  the  following  General  Water  Quality 
Standards,  no  wastes  shall  be  discharged  and  no  activities  shall  be 
conducted  which  either  alone  or  in  combination  with  other  wastes  or 
activities  will  cause  in  any  waters  of  the  state: 

1.  The  dissolved  oxygen  content  of  surface  waters  to  be 
less  than  six  (6)  milligrams  per  liter  unless  speci- 
fied otherwise  by  special  standard. 

2.  The  hydrogen-ion  concentration  (pH)  of  the  waters  to  be 
outside  the  range  of  6.5  to  8.5  unless  specified  other- 
wise by  special  standard. 

5.  Any  measurable  increase  in  temperature  when  the  receiving 
water  temperatures  are  64°  F or  above,  or  more  than  2°  F 
increase  when  receiving  water  temperatures  re  62°  F or 
less . 

4.  Radioisotope  concentrations  to  exceed  Maximum  Permissible 
Concentrations  (MPC's)  in  drinking  water,  edible  fishes 
or  shellfishes,  wildlife,  irrigated  crops,  livestock  and 
dairy  products  or  pose  an  external  radiation  hazard. 
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The  General  Standards  further  set  forth  that  no  wastes  shall 
be  discharged  and  no  activities  shall  be  conducted  which  either  alone 
or  in  combination  with  other  wastes  or  activities  will  cause  in  any 
waters  of  the  state: 

1.  The  liberation  of  objectionable  concentrations  of  dissolved 
gases . 

2.  The  stimulation  of  fungi  and  other  undesirable  growths. 

3.  The  creation  of  objectionable  tastes  or  odors  or  toxic 
and  other  conditions. 

4.  The  formation  of  deleterious  organic  or  inorganic  sludge 
deposits . 

5.  Objectionable  discoloration,  turbidity,  scum,  oily  slick, 
or  floating  solids  or  coat  the  aquatic  life  with  oil  films. 

6.  Bacterial  pollution. 

7.  Aesthetic  conditions  offensive  to  human  senses  of  sight, 

taste,  smell,  or  touch. 

I 

The  Special  Water  Quality  Standards  criteria  applicable  to 
waters  shown  in  table  14  are  discussed  in  the  respective  subregional 
sections . 


Table  14  - Beneficial  Uses  to  be  Protected,  State  of  Oregon 


uc 


Walla  Walla  River  XXXXXXX  X XXXXX 

Snake  River  XXXXX2/XX  X XXXXX 

Columbia  River  XXXXX  XX  X XXXXX 

Willamette  River 

(Mouth  to  Willamette 
Falls  incl.  Mult. 

Channel)  X5/  X X X X X X X X X4/  X X X 

(Willamette  Falls  to 

\ewbcrg)  XXXXXX  X XXXXXX 

(Newberg  to  Salem)  X XXX  X X X X XXXXXX 

(Salem  to  Coast  Fork)  XXXXXXX  X XXXXX 

Marine  and  Estuarine  X XX  XXXXXXX 


fT  with  adequate  pre-t reatment 
2/  Up  to  Oxbow  Dam  (River  mile  273) 

T/  It"  no  better  source  is  reasonably  attainable 
T Net  to  confict  with  commercial  activities  in  Portland  Harbor 
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Idaho 


Water  Quality  Standards  have  been  established 
to  preserve  and  enhance  the  quality  of  the  waters  of 
for  multiple,  legitimate,  beneficial  uses,  including 
purposes,  irrigation,  industrial  uses,  fish  and  wildl 
propagation,  recreation,  and  aesthetic  purposes. 


for  Idaho 
the  state 
domestic 
ife 


The  following  General  Water  Quality  Standards  apply  to 
all  waters  of  the  state  in  addition  to  the  Water  Quality  Standards 
set  forth  for  specifically  identified  waters.  Waters  of  the  state 
shall  not  contain: 

1.  Toxic  chemicals  of  other  than  natural  origin  in 

concentrations  found  to  be  of  public  health  significance 
or  to  adversely  affect  the  use  indicated.  (Guides  such 
as  the  Water  Quality  Criteria,  published  by  the  State 
of  California  W'ater  Quality  Control  Board  (Second 
Edition,  1963),  will  be  used  in  evaluating  the  tolerances 
of  the  various  toxic  chemicals  for  the  use  indicated.) 


Deleterious  substances  of  other  than  natural  origin  in 
concentrations  that  cause  tainting  of  edible  species  or 
tastes  and  odors  to  be  imparted  to  drinking  water  supplies. 


3.  Radioactive  materials  or  radioactivity  in  water  which 

(1)  exceeds  l/30th  of  the  MPC  values  given  in  Column  2, 
Table  I,  Appendix  A,  Part  C,  Rules  and  Regulations  for 
the  Control  of  Radiation  in  the  State  of  Idaho, 

(2)  exceeds  concentration  limits  of  the  Idaho  Drinking 
Water  Standards  for  waters  used  for,  or  likely  to  be 
used  for,  domestic  supplies,  (3)  results  in  accumula- 
tions of  radio-activity  in  edible  plants  and  animals 
that  present  a hazard  to  consumers,  and/or  (4)  is 
harmful  to  aquatic  life. 

4.  Floating  or  submerged  matter  not  attributable  to 
natural  causes. 


5. 


Excess  nutrients  of  other  than 
visible  slime  growths  or  other 


natural  origin  that  cause 
nuisance  aquatic  growths. 


6.  Visible  concentrati ons  of  oil,  sludge  deposits,  scum, 
foam,  or  other  wastes  that  may  adversely  affect  the  use 
indicated. 

7.  Objectionable  turbidity  which  can  be  traced  to  a point 
source  or  sources. 
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Numerical  standards  have  been  developed  for  waters  of  the 
state  as  shown  in  table  15.  The  stream  standards  are  applicable 
except  when  differences  occur  between  numerical  values  and  those 
adopted  for  specifically  identified  interstate  waters.  These 
differences  will  be  discussed  in  respective  subregion  sections. 

The  standards  for  headwater  areas  are  for  waters  that  are  presently 
upstream  from  existing  significant  waste  sources,  while  the  identical 
criteria  for  lakes  and  reservoirs  refer  to  those  used  primarily  for 
recreation,  drinking  water  supplies,  fish  and  wildlife  propagation, 
and/or  aesthetic  purposes. 


Table  15  - Generalized  Water  Quality  Standards  Criteria  for  Idaho 


Water  Quality 
Criteria 

Streams 

Headwater  Areas, 
Lakes  5 Reservoirs 

Dissolved 

Oxygen 

>75%  saturation  and 
100%  during 
spawning  season 

>75%  saturation  and 
100%  during 
spawning  season 

Total  Coliform 
Organi sms 

<1,000/100  ml 

<240/100  ml 

pH 

6.5  to  9.0 
(Induced  variation 
<0.5) 

6.5  to  9.0 
(Induced  variation 
<0.5) 

Temperature 

68°F.  with  <2° 
increase 

<66°F.  with  <2° 
increase 

Turbidity 

<10  JTU  over  natural 
conditions 

<5  JTU  over  natural 
conditions 

Phosphorus  and 

Nitrogen 

Compounds 

-- 

No  measurable 
concentration  over 
natural  conditions 

Montana 

The  State  of  Montana  designates  the  following  uses  to  be 
protected  in  all  state  waters: 

Public  water  supply 
Industrial  water  supply 
Fishing  and  recreation 
Agriculture 
Water  power 
Industrial  waste  use 
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Montana  utilizes  a stream  classification  system  for  desig- 
nating water  uses  and  for  establishing  criteria  to  serve  these 
uses.  All  waters  must  be  aesthetically  pleasing,  and  this  quality 
is  usually  protected  by  narrative  criteria  preventing  unsightly  or 
obnoxious  conditions,  such  as  floating  debris,  oil  slicks,  unpleas- 
ant odors,  and  colors.  Specific  use  designations  for  all  waters 
covered  by  the  standards  are  shown  in  table  16.  The  exact  use 
designation  for  a particular  stream  reach  can  be  obtained  from  the 
Montana  State  Department  of  Health. 

Wyoming 

Wyoming  Water  Quality  Standards  provide  protection  of  waters 
for  all  uses  under  present  conditions.  Ten  basic  standards  and 
several  variable  standards  have  been  adopted  for  the  portion  of 
Wyoming  in  the  Columbia-North  Pacific  Region.  The  basic  standards 
evolve  from  the  fact  that  some  parameters  are  common  to  all  uses, 
and  one  use  (fisheries)  is  common  to  all  waters  under  consideration. 
Basic  water  quality  standards  call  for  waters  to  be  essentially 
free  from  settleable  solids;  floating  solids;  taste,  odor,  and  color 
problems;  and  toxic  substances.  In  addition,  the  standards  state 
that  public  water  supplies  will  meet  Public  Health  Service  Drinking 
Water  Standards  and  that  radioactive  materials  shall  not  exceed 
limits  established  in  1962  PHS  Drinking  Water  Standards  or  1/30 
(168-hour  value)  of  the  values  for  radioactive  substances  specified 
in  the  National  Bureau  of  Standards  Handbook  69.  Numerical  criteria 
established  by  the  Basic  Water  Quality  Standards  are  as  follows: 

1.  Turbidity  of  other  than  natural  origin  shall  not  impart 
more  than  a 15  turbidity  unit  increase  in  the  water  when 
the  turbidity  of  the  receiving  water  is  150  units  or  less, 
or  more  than  a 10%  increase  when  the  water  turbidity  is 
over  150  turbidity  units. 

2.  Wastes  of  other  than  natural  origin  shall  not  be  dis- 
charged in  amounts  which  will  result  in  dissolved  oxygen 
content  of  less  than  6 ppm  at  any  time. 

3.  For  streams  where  natural  temperatures  do  not  exceed  70°  F, 
wastes  of  other  than  natural  origin  shall  not  be  discharged 
in  amounts  which  will  result  in  an  increase  of  more  than 

2°  F over  existing  temperatures. 

For  streams  where  natural  temperatures  exceed  70°  F 
(21°  C) , wastes  of  other  than  natural  origin  shall  not 
be  discharged  in  amounts  which  will  result  in  an  increase 
of  more  than  4°  F (2°  C)  over  existing  temperatures. 


Maximum  allowable  temperatures  will  be  established  for 
individual  streams  as  data  become  available.  As  an 
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I.ihh-  lb  State  u»  Montana  Water  I 1 1«ji  i • *r.  itr  ! . . 1 - Hater  juality  Crit mr 


SPECIFIC  CRITMMA 


> 'r>j.in i >ai-  of  the  loliform  '.roup 
by  the  most  probable  number 
! MI’S  1 or  equivalent  membrane 
filter  !''l  i methods.  .Inn  nit  anv 
consecutive  30- day  period  and 
u» in>t  .i  representative  number 
of  samples,  shall: 


dissolved  Oxygen 
'li  1 1 igrani'  per  l.it« 

so  reduction  sh.il 
he  allowed  bell 
l is  ted  mini  on 
concentration. 


i thin 


the 


pll 

Induced  variation  • 
listed  ranRc  shall  e 
less  than  ■ pll  unit  . 
Natural  pH  outsiJi  listed 
range  'hall  be  -.unt.iini  a 
without  change.  Natural 
pll  above  *.u  shall  he 
maintained  above  '.0. 


lurt'idit . 

Jackson  i and le  Units 

IJCIII 


Allowable  increase 
to  naturally 
occurring  turbidity 


Temperature  (*H 
Allowable  changes  to  nat  . 
rally  occurring  water 
tc-r;  rat  ure 


kc- i due* 

. . ds  and" 

sludge  depo* its. 


‘Hawaii, 
natural  1.  . 
on cent  r*t 


reave  ah  ova  ^ 
.:,.ng  ,, 


V i losed  Water  Supi  ,v 
for  drinking,  culinary . 
and  food  processing 
purpose*.  suitable  for  u: 
after  simj'li  di'infectioi 


Not  Applicable 


Public  '.c.ss  and  activities 
such  i'  livestock  gracing 
and  tinier  harvest  should 
he  strictly  controlled  under 
conditions  prescribed  •>•  the 
• tale  I-sird  >t  Health 


supplv 


A*  Open. 

drinking,  culinary  .nd  food 
pro..  mg  purpose •.  suit- 
able for  use  after  simple 
disinfection  and  removal  of 
naturally  present  impurities. 


Average  less  than  li»'  Ml 
where  demonstrated  to  he 
the  result  of  domestic 
sewage. 


Not  Applicable 


Not  Applicable 


Son.  m '.ttulent  quan - 

’ • rscly  affect 

the  use  ml.  at ed. 


B.  Water  supply  for  drinking, 
culinary,  and  food  processing 
purposes;  suitable  for  use 
with  adequate  tre.itm.-nt  equal 
to  coagulation,  sedimentation, 
f 1 1 1 ra. ion , disinfection, 
and  any  additional  treatment 
necessary  to  remove  naturally 
present  impurities. 


Average  less  than  1000/100  'll  , 
where  demonstrated  to  hr  the 
result  of  domestic  sewage, 
with  not  more  than  percent 
of  the  samples  exceeding  this 
value. 


None  in  sufficient  quan- 
tities to  adversely 
jffect  established 
levels  of  treatment  , 


None  in  i.i  • irnt  quan* 
titie*  t«  adversely 
affect  established  levels 
of  treatment . 


i . Bathing,  swimming,  and 
recreat  ion. 


V't  Applicable 


D»1 


rowth  and  t’ropuga- 
I on  of  salmon  id  fishes  and 
issociated  aquatic  life, 
aterfowl  and  furbearer'. 


■ as  for  use  "B"  above 


Decrease* : 

‘Tver  5S*  ; 
SS*  to  52* 


Max 


Provided  that  water 
temperatures  must  be 
below  40’  during  the 
winter  seas on  and  above 
44*  during  the  summer 
sea*  on. 


rowth  and  Marginal 
propagation  of  salmonid 
fishes  and  associated 
aquatic  life,  waterfowl 
and  furbearers 


1 ; -rowth  and  propaga- 
tion of  non-salmontd  fishes 
and  ass.’-  iated  aquatic  life, 
waterfowl  and  fiirbearer* . 


same  as  for  use  "If  above  in  Hu 


Increases 

• - I * Mol 

tl-.v.  «:*  0.f-‘  Max. 


Decreases 

Ah we  35*: 

SS’  to  4.’* 


Maximum 


Ptm  i h i that  water 
temperature  must  he 
below  an'  -luting  the 
winter  season  and  above 
44*  during  the  summer 


f Agricultural  water 
supply  Including  irri- 
gation, stock  water  mg, 
and  truck  farming. 


Not  Applicable 


■ as  for  use  "W  above 


None  In  Miff t.  lent  apian 
title*  to  adversely 
affect  the  ii' e indicated. 


* In-lust ri .ii  wafer  supply  N r Applicable 

(other  than  food  pro.  -iny  . 


Not  App  lie  iifs  le 


i for  use  "B"  above 


• ane  a*  for  use  "If  above 


None  in  sufficient  quan- 
tities to  adversely 
affect  the  use  indicated. 


•able  lt>  - Ntate  of  Montana  kater  Pollution  Control  Council  - hater  iluality  Criteria 


turbidity 

Jackson  . anJIe  1 n . t> 

IJtUI 

Alloiablc  increase 

to 

occurring  Turtniittv 


None 


Sane  as  for  use 
"A-Clo*ed"  above. 


None  In  sufficient  quart  - 

' ‘ 

i t i • • 

levels  of  treatment. 


10  JCII 


S JCti 


10  JO) 


10  JO  l 


None  ;n  suffi  lent  quart 

titles  » . ad  • i , 

affecr  the  .,  , r,,| , ,red 


Same  t*  for  use  above 


J*'-'"'  - - • ■>  ,,.SPU 1 1 ■'  •' 


SPECIFIC  CRITERIA 


Temperature  |'H 
A1  low  able  changes  to  natu- 
rally occurring  water 
temperature : 


Residues 

Oils.  Floating  solids  and 
sludge  deposits. 

Allowable  increase  above 
naturally  occurring 
concent  rat  ions : 


None  None 


Sediment 

Settleable 

Solids 

Allowable  increase  above 
naturally  occurring  con- 
centrations : 


Toxic  or  other  deleterious 
substances,  pesticide:  and 
organic  and  inorganic  mate- 
rials including  heavy  met.il 
compounds . 

(Exceptions  for  Nencfi  . i it 
purposes  may  he  authorized 
by  the  Montana  hater  I’dlu- 
t ion  I'nr.trol  . ouncil  -:iJ  the 
Federal  hater  Pollution 
Control  Administration! 


Radioactivity 
l imits  listed  shall  in- 
clude natural  background) 


None 


None  allowed  n.  addition  to 
concentrations  natural l v 
present . 


Sr.  wastes  shall  be 
allowed  which  increase 

natural  background. 


‘esthetic  considerations  not  covered 
under  other  water  quality  criteria. 


V evidence  of  matter  other  than  that 
naturally  occurring. 


hot  Applicable 


Not  Applicable 


None  in  suft , c ient  quan- 
tities to  adversely  a J feet 
the  use  indicated. 


None  in  sufficient  quan- 
tities to  adversely 
affect  established  levels 
of  treatment. 


None  in  sufficient 
quantities  to  idver 
•civ  affect  the  use- 
indicated. 


None  in  sufficient 
quantities  to  adver- 
sely affeif  est  *1- 
llshed  level*  of 
treatment . 


Concent  rations  of  chemical  Concentrations  of  radio- 
constituents  shall  .-oat  -n»  acfiie  materii/s  shill 

with  the  I9bd  li. s Public  conform  with  the  I9c.' 

Health  Service  drinking  water  i .s.  luMi.  Health 
itiodndsi  Induced  vnri  5ervJ  c drinking  water 

at  ic-ns  k.  i thin  these  standards  standards, 
shall  he  limited  to  an  increase 
of  not  more  than  10  percent 
of  the  concentration  present 
in  the  receiving  water. 

Concentrations  of  chemical  sJim.  as  for  U4C  v pen- 

constituents  shall  .on for*  above 

with  the  19b.'  II. s.  Public 

Health  Service  drinking  water 

standards  after  conventional 

treatment . 


No  evidence  of  matter  ether  than  that 
naturally  occurring,  except,  real  color 
shall  not  be  increased  more  man  two 
unite  above  naturally  occurring 

concentrations. 


No  wastry  including  Phenolic  ex- 
pounds and  visible  culsl,  offensive 
| • 

or  taste,  not  ittrihutable  t natural 
causes,  shall  be  allowed. 


Not  Applicable 


Same  as  for  use  "A-open" 
above 


•-ame  is  for  use  "A-open"  Concent  rat  tuns  of  chem.al  Samr  as  for  u“c  ■'-open” 

above  constituents  shall  be  main-  above 

talncd  be  lew  levels  known  tr 
he  (or  demonstrated  to  he 
of  public  health  slgntfi- 


Some  as  for  use  "B"  above 


to  C ■ J°  maximum. 

. 

Decreases : 

ikver  5S®  : 2'  Per  Hour. 

53*  to  32":  2a  Max. 

Provided  that  water 
temperatures  must  be 
be  l<n*  40°  during  the 
winter  season  and  above 
44*  during  :hr  summer 
season . 


Same  as  for  use  "A-open" 
above 


-■lime  as  for  use  "P-l"  Some  a*  for  use  "A-open" 

above  above 


Name  as  for  use  "A-open" 
above 


Maximum  allowable  concen- 
trations shall  be  les-i  than 
acutt  or  chronic  p rob. cm 
levels  as  revealed  by  blo- 
ass.iv  or  other  appropriate 
■ ' 

the  following  b<-  exceeded: 
one-tenth  of  the  four  day  . 
median  tolerance  limit  i 1 1 m 
l kb)  for  short  residual 
materials  and  one -hundredth 
(0.011  of  the  thm  9*.  for 
' 

• . I • • • . 

life  exceeding  50  davs  in 
water  - 


Name  as  for  use  "A-opcr.' 
above,  except  where  con- 
centrations factors  of 
aquatic  flora  and  fauna 
exceed  the  recommended 
re. iu.  t ion  i a.  l -r-  . then 
maximum  permissible 
limits  shall  he  reduced 
below  acute  or  chronic 
problem  levels. 


Niinie  as  for  use  "A-open" 
above 


same  as  for  use  "I:  I" 
above 


same  as  for  use  "D-l" 
above 


V wastes  including  phenolic  .on- 

.... 

to  the  senses  of  sight,  touch,  smell, 
or  taste,  not  attributable  to  natural 
causes,  shall  he  allowed  No  excess 
• 

growths  Taste  and  odor  . au-mg 
materials  shall  not  exceed  levels  which 
ciu-v  tainting  of  the  flesh  of  edible 
' **•!  . 0 lor  ska t . of  exceed 

t i ve  units  above  natural lv  occurring 

color. 


Same  as  for  use  "D-l"  above 


Increases : 

tr  to  #$":  4‘  Maximum. 

Above  85°:  0.5'  v.,x 

Decrease* 

Above  55 ' : S'  Hr 
S5*  to  $2' ■ 2*  Maximum 

Provided  that  water 
temperature  must  he 
below  40*  during  the 
winter  season  and  above 
It  during  *he  summer 
• easrm. 

Nor  Appll  able 


Name  as  for  use  "A -open" 
above 


Name  as  for  use  "A-open" 
above 


Non*-  in  sufficient  quan-  tame  us  for  use  "A-open" 

title*  to  advr rs-lv  above 

affect  the  us*  Indicated. 


same  as  for  u»o  "A-open" 
above 


Name  as  for  use  "0-1" 
above 


Same  as  for  use  "D-l" 
above 


Name  as  for  use  "0-l"above 


i uncentrut ion*  shall  be 
less  than  those  demoe 
*t  r ated  to  be  lr  letcricu* 
t*'  I ive *tod  or  plant  r 
their  subsequent  ..-r-im 
Hon  by  humans  . 


Name  a*  for  use  "A-open- 
above 


Name  as  for  use  "A-oprn' 
above 


'•am*  at  for  use  "ft' 

above 


None  in  sufficient  quan 

f » f fet  f,r  ad  CO  r rl,  cr 

the  use  indicated 


s*me  as  fot  use  "A-BJAffl" 
above 


hater  shall  hr  maintained  in  u 
end! t Ion  not  offensive  to  the 
senses  of  sight  and  smell 


Nome  a-,  for  use  "l"  above 


ipportum*.  for  I; -.charge  to  mi  > with 
tf  the  Mrmt.in  , ».,frr  p i • ijt  i..n  . -.„»  r ; 


ti  Adopted  b»  the  Montana  ft.iter  i-  Hutton  Control  i 


ouncll,  June  S.106T 


interim  policy,  the  maximum  allowable  stream  temperatures 
will  be  the  maximum  daily  stream  temperatures  plus  the 
allowable  rise;  provided  that  this  temperature  is  not 
lethal  to  existing  fish  life,  which  is  considered  to  be 
78°  F (26°  C)  in  the  case  of  cold  water  fish. 

4.  Wastes  of  other  than  natural  origin  shall  not  affect  the 
pH  of  the  receiving  water  beyond  the  following  limits: 

a.  On  those  streams  where  water  quality  data  are  inade- 
quate, the  range  for  pH  shall  be  6.5  to  8.5. 

b.  On  those  streams  where  water  quality  data  are  ade- 
quate, a pH  range  within  natural  variations  can  be 
established  in  the  supplementary  standards. 

5.  During  the  recreation  season  (May  1 through  September  30), 
wastes  or  substances  of  other  than  natural  origin  shall 
not  be  discharged  into  waters  designated  as  having  limited 
body  contact  use  which  will  cause  organisms  of  the  fecal 
coliform  group  to  exceed  the  following  limits. 

While  sample  data  are  accumulated  no  individual  samples 
shall  exceed  the  95%  confidence  limit  of  the  historical 
average;  provided  that  in  no  case  will  the  geometric  mean 
of  the  last  five  consecutive  samples  exceed  2000  per  100 
ml  (Most  Probable  Number),  whichever  is  the  least. 

More  specific  information  on  a particular  state's  water 
quality  standards  can  be  obtained  from  the  Federal  Water  Quality 
Administration  or  the  respective  state  pollution  control  agency. 


MEANS  TO  SATISFY  DEMANDS 

Reduction  of  pollution  loads  to  receiving  streams  can  be 
accomplished  either  by  reducing  the  amounts  of  wastes  generated  or 
by  raising  the  level  of  treatment  of  the  wastes.  The  amounts  of 
wastes  generated  can  be  controlled  to  some  extent  by  regulation,  by 
changes  in  practices  such  as  by-product  recovery  in  an  industrial 
process,  or  by  cost  incentives,  using  a system  of  charges  based  on 
quantities  of  pollutants  discharged.  These  approaches  have  only 
limited  possibilities,  however,  and  some  degree  of  waste  water  treat- 
ment is  almost  always  required.  Detailed  planning  and  adequate  fi- 
nancing are  required  so  as  to  prevent  potential  water  pollution  which 
would  otherwise  result  from  increasing  waste  loadings. 

No  waste  water  treatment  process  can  remove  all  pollutants 
from  a waste  stream,  and  the  cost  of  treatment  increases  greatly 
with  increased  demands  for  a high  quality  effluent.  In  addition, 
not  all  waste  waters  are  easily  controllable  or,  in  some  cases. 
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identifiable.  Natural  runoff  from  urban  and  rural  areas  contains 
appreciable  quantities  of  pollutants  which  enter  the  streams  from 
a wide  area  as  well  as  from  storm  drains.  Most  of  the  drainage 
from  agricultural  land  cannot  be  fully  controlled  at  the  present 
time. 

Some  pollutants  will  always  be  discharged,  and  we  must  rely 
heavily  on  the  dilution  capability  of  the  receiving  waters  for  main- 
tenance of  quality. 

The  increasing  rate  of  production  of  industrial  and  domestic 
waste  waters  has  prompted  scientists  and  engineers  to  investigate 
methods  of  renovation  which  offer  alternatives  to  disposal  in 
surface  water  bodies.  Reuse  of  effluent  for  irrigation,  fertili- 
zation and  ground-water  recharge  is  among  the  techniques  which 
have  received  much  attention  during  the  past  several  years. 

The  implementation  and  enforcement  plan  of  the  water  quality 
standards  for  public  waters  requires  that  all  municipalities  and 
industries  provide  a high  level  of  treatment.  For  those  not  already 
providing  secondary  treatment  or  equivalent,  such  treatment  must 
be  employed  by  July  1972. 

Waste  Treatment 


Future  Waste  Discharges 

Municipal  Present  trends  and  policies  in  water  pollution 
regulation  as  well  as  basic  knowledge  of  the  characteristics  of 
waste  water  effluents  indicate  that  the  minimum  acceptable  degree 
of  treatment  for  municipal  waste  water  is  85  to  90  percent  removal 
of  oxidizable  organics.  Based  on  85  percent  organic  removal  in 
1980  and  90  percent  in  2000  and  2020,  and  the  raw  waste  projections 
presented  earlier,  the  projected  municipal  waste  loadings  to  be 
discharged  to  the  waters  in  the  region  are  shown  in  table  17.  In 
situations  where  minimization  of  BOD  does  not  maintain  adequate 
quality,  a tertiary  treatment  process  will  be  necessary. 

Ocean  outfalls  should  be  considered  in  preference  to 
discharging  into  estuaries.  Coastal  communities  and  industries 
can  maintain  higher  quality  waters  in  the  estuaries  by  using  ocean 
disposal . 

Industrial  Industrial  waste  must  receive  the  same  degree 
of  treatment  as  municipal  waste  before  discharge  into  the  region's 
water  courses. 
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Table  17  - Projected  Municipal  Organic  Discharges 
Columbia-North  Pacific  Region 


Subregion 

1980 

2000 

2020 

1 

93.1 

(1,000's  P.E.) 
88.5 

120.4 

2 

36.3 

36.3 

49.5 

3 

24.8 

23.7 

33.1 

4 

39.8 

42.0 

61.1 

5 

39.9 

40.6 

57.5 

6 

23.1 

21.1 

26.8 

7 

28.6 

27.2 

36.4 

8 

29.4 

30.6 

44.8 

9 

287.4 

270.0 

410.4 

10 

55.1 

51.1 

68.5 

11 

477.5 

511.8 

820.8 

12 

1.3 

1.2 

1.6 

Total 

C-NP  Region 

1,136.3 

1,144.1 

1,730.9 

Based  on  the  raw  organic  waste  projections  presented  earlier  and 
85  percent  organic  removal  in  1980  and  90  percent  removal  there- 
after, the  projected  industrial  organic  waste  discharges  reaching 
the  streams  are  shown  in  table  18. 


The  strength  of  industrial  waste  waters  can  be  reduced  in 
a variety  of  ways:  (1)  by  altering  manufacturing  processes  to  de- 

crease the  volume  and  concentration  of  waste  waters,  (2)  by  devel- 
oping means  for  the  recovery  of  useful  and  marketable  by-products 
from  the  waste  waters,  and  (3)  by  treatment  and  reuse  of  process 
waters  within  the  plant  before  discharge  into  the  receiving  waters. 
All  industrial  processes  should  be  operated  in  such  a manner  that 
the  spent  waters  will  contain  the  minimum  amount  of  material  before 
leaving  the  plant.  Pollution  loads  can  also  be  reduced  by  employ- 
ing dry  processes  when  the  technology  is  available  in  lieu  of  wet 
methods  requiring  large  volumes  of  water.  Another  possible  way  is 
to  substitute  chemical  compounds  that  are  less  toxic  and  not  as 
undesirable  in  the  waste  stream. 


The  discharge  of  industrial  waste  waters  into  municipal 
sewerage  systems  may  be  advantageous  (1)  when  the  waste  waters  be- 
come more  amenable  to  treatment  after  they  have  been  mixed  with 
domestic  sewage;  (2)  when  treatment  of  combined  wastes  is  more 
economical  because  of  the  increased  size  of  the  operation;  and 


(3)  when  treatment  of  the 
economical  because  of  th( 
able  in  municipal  works. 


combined  wastes  is  more  effective  and 
technical  and  sanitary  supervision  avail- 
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Table  18  - Projected  Industrial  Organic  Waste  Discharges 
Columbia- North  Pacific  Region 


Subregion 

1980 

2000 

2020 

( 1,000's  P.E.) 

1 

118.8 

97.  S 

110.5 

2 

480.9 

509.7 

771.7 

3 

180.2 

173.2 

250.2 

4 

682.0 

671.0 

851.9 

5 

212.7 

235.5 

352.1 

6 

93.9 

73.8 

83.1 

7 

304.6 

267.3 

347.2 

8 

706.4 

686.1 

754.8 

9 

621.3 

595.5 

765.2 

10 

1,170.0 

939.1 

1,029.0 

11 

2,251.2 

1,645.4 

1,888.6 

12 

- 

- 

Total  C-NP 

Region 

6,822.0 

5,894.1 

7,204.3 

The  authorities  should  be  empowered:  (1)  to  specify  the 

manner  of  waste  water  discharge  into  sewerage  systems;  (2)  to  ex- 
clude objectionable  or  dangerous  wastes  from  sewerage  systems; 

(3)  to  require  pretreatment  of  industrial  waste  waters  to  a level 
that  would  be  compatible  with  municipal  sewage  and  amenable  to 
centralized  treatment;  and  (4)  to  determine,  negotiate,  and  levy 
appropriate  charges  upon  industries  for  acceptance  and  disposal 
of  water-carried  industrial  wastes. 

Vegetable-  and  fruit-processing  waste  treatment  and  disposal 
are  peculiarly  difficult  because  of  the  seasonal  nature  of  the 
industry  and  because  of  the  shifting  from  one  vegetable  or  fruit  to 
another  as  the  season  advances.  Screening  and  lagooning  or  land 
disposal  by  irrigation  are  methods  used  most  often.  Screenings 
are  buried,  burned,  spread  on  land,  or  used  for  feed.  (About  25 
percent  of  the  liquid  can  be  stored  during  the  winter  in  order  to 
dilute  and  seed  the  next  year's  batch.)  Water  is  lost  from  the 
lagoons  by  evaporation  and  seepage  in  addition  to  being  discharged 
into  receiving  waters  during  spring  freshets. 

Rural-Domestic  The  rural-domestic  waste  production  is 
scattered  and  expected  to  decrease  during  the  projection  period. 

In  general,  septic  tanks  and  some  type  of  subsurface  drainage  are 
used  for  waste  disposal  and  the  actual  waste  load  reaching  water- 
ways is  not  expected  to  be  large.  However,  ground-water  pollution 
may  be  a problem  in  some  areas.  The  rural-domestic  waste  problems 
are  discussed  in  the  subregional  portion  of  this  report. 


Other  Pollution  Control  Practices 


Irrigation 


Improved  irrigation  efficiencies  would  result  in  the  conser- 
vation of  water  and  a decrease  in  the  volume  of  return  flows.  This 
can  be  accomplished  by  replacement  of  old  worn  systems  which  have 
high  water  losses  and  by  utilizing  more  efficient  application  tech- 
niques such  as  found  in  modern  sprinkler  systems.  However,  irriga- 
tion water  requirements  should  be  adequate  to  leach  the  applied  salts 
from  the  soil  profile. 

Other  Land  Uses 


Sediment,  the  product  of  erosion,  is  agriculture's  most  sig- 
nificant pollution  problem.  Most  of  the  pesticides  and  phosphates 
are  attached  to  the  soil  particles  and  carried  to  the  stream. 

Measures  for  the  control  of  erosion  frequently  are  effective  in 
reducing  pollution  from  the  source;  however,  nutrient-poor  sediments 
from  subsoils  will  tend  to  deactivate  the  soluble  phosphate. 

Watershed  protection  and  rehabilitation  practices  required 
to  satisfy  needs  are  outlined  in  detail  in  the  Land  Measures  and 
Watershed  Protection  Appendix. 

Watershed  research  has  shown  that  land  cover  is  the  major 
deterrent  to  sediment  delivery  into  tributary  streams.  Improved 
technology  must  be  employed  for  stabilizing  and  revegetating  gullies, 
overgrazed  rangelands,  forest  burns,  and  badly  disturbed  construction 
sites.  Proper  logging  methods  and  improved  construction  practices 
on  forest  roads  can  greatly  reduce  sediment  delivery  from  forest 
operations.  The  abatement  of  wild  fires  has  made  a major  reduction 
in  erosion.  Regardless  of  soil  type,  a well-managed  conservation 
program  is  necessary  for  erosion  control. 

Agricultural  chemicals,  pesticides,  and  fertilizers  will 
continue  to  be  used,  and  a much  stronger  program  for  control  is 
needed.  Improved  registration,  better  instruction  use,  and 
better  information  on  using  pesticides  will  reduce  the  concentra- 
tion in  our  waters. 

An  alternate  method  of  pest  control  is  by  use  of  less  per- 
sistent and  faster  degradable  pesticides,  by  use  of  parasite  preda- 
tors and  microbiological  pathogens,  and  by  insect  sterilization 
with  radiation  and  chemicals.  Improved  farming  practices  such  as 
fall  plowing  kill  certain  pests  and  eliminate  the  use  of  certain 
harmful  pesticides,  but  the  land  is  further  exposed  to  erosion. 


Agricultural  Animals 

The  trend  towards  large-scale,  concentrated  livestock  and 
poultry  enterprises  will  increase  the  potential  for  localized  inci- 
dences of  severe  water  pollution  caused  by  agricultural  animal 
wastes.  Water  quality  problems  from  this  source  can  normally  be 
minimized  through  the  use  of  good  land  management  practices. 

Enactment  of  legislation  and  establishment  of  rules  and 
regulations  to  control  wastes  from  large  confinement-type  operations 
such  as  poultry  farms  or  feedlots  are  essential  to  prevent  water 
quality  degradation  from  this  source.  Generally,  an  operation  of 
this  type  should  be  located  well  away  from  a watercourse  or  an  area 
of  shallow  ground-water  depth.  In  addition,  some  degree  of  treat- 
ment of  the  wastes  produced  will  be  required,  depending  on  the 
individual  circumstances.  Some  methods  of  disposing  of  animal 
wastes  are:  lagoon  treatment,  fluidizing  and  spraying  on  fields, 

dehydration,  composting,  and  selling  for  fertilizer. 

Navigation 

The  problems  resulting  from  accidental  spills  of  deleterious 
materials  can  be  extremely  serious  because  they  occur  irregularly 
and  on  an  unplanned  basis.  Management  of  accidental  spills  must 
be  based  on  preventing,  or  at  least  minimizing,  their  occurrence, 
and  for  those  spills  which  do  occur  it  is  possible,  by  containment, 
to  minimize  their  adverse  effects.  Attention  should  be  directed 
also  to  consideration  of  a system  of  charges  that  would  provide  an 
incentive  for  the  discharger  to  take  positive  steps  to  minimize 
accidental  spills. 

Minimum  Flow  Requirements 

Since  waste  treatment  cannot  be  applied  to  non-collectible 
; wastes  and  does  not  economically  remove  all  contaminants  from  col- 

' lectible  wastes,  a certain  amount  of  streamflow  is  necessary  for 

dilution  and  assimilation  of  residual  wastes  reaching  the  streams. 
Maintenance  of  base  flows  for  water  quality  control  purposes  is 
the  key  to  any  program  for  present  and  future  water  quality  manage- 
ment. Even  if  wastes  are  provided  complete  treatment,  including 
removal  of  nutrients  and  solids,  minimum  streamflows  will  still  be 
required  to  assimilate  organic  loads  from  uncontrollable  sources. 

The  flows  needed  for  this  purpose  have  been  computed  for  critical 
stream  reaches  in  the  region.  These  flows  are  presented  in  the 
applicable  subregional  writeup. 

Where  feasible,  consideration  should  be  given  to  transporting 
waste  treatment  plant  effluent  to  the  larger  stream  in  situations 
where  communities  are  located  near  the  confluence  of  streams.  Where 
feasible,  ocean  outfalls  should  be  used  in  preference  to  discharging 
into  estuaries  and  fresh  water  streams. 
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Spray  disposal  is  particularly  useful  when  manufacturing 
operations  reach  their  peak  during  the  summer  and  fall  or  when 
evapotranspiration  is  high  and  the  water  table  is  low. 

Analogous  to  streamflow  augmentation  is  waste  water  storage 
with  controlled  releases.  This  method  is  not  considered  as  a sub- 
stitute for  waste  water  treatment,  but  as  a means  to  level  out  ab- 
normal peak  flows  and  as  an  interim  solution.  The  waste  water  is 
scheduled  for  release  when  the  condition  of  the  receiving  water  will 
be  least  affected.  In  addition,  the  strength  of  the  waste  water 
is  further  reduced  from  sedimentation  during  storage. 


Treatment  Costs 


A set  of  curves  showing  the  total  capital  costs  and  the 
actual  operation  and  maintenance  costs  for  various  levels  of  treat- 
ment of  municipal  wastes  is  presented  in  figures  4 and  5,  respect- 
ively. Table  19  presents  the  total  estimated  costs  for  municipal 
waste  treatment  for  each  subregion. 

The  costs  were  predicted  based  upon  the  following  assumptions: 

1.  Eighty-five  percent  treatment  (BOD  removal)  requires  a 
trickling  filter  plant  with  disinfection. 

2.  Ninety  percent  treatment  requires  an  activated  sludge 
plant  with  disinfection. 

3.  Ninety-five  percent  treatment  requires  an  activated 
sludge  process,  followed  by  coagulation,  sedimentation, 
and  disinfection. 

4.  Costs  are  based  on  1967  data  and  updated  by  1.10  to 
represent  January  1969  costs. 

5.  Costs  are  based  on  average  annual  flows  and  converted 
to  population  equivalents.  The  projected  per  capita 
flow  is  165  gpcd  by  1980,  175  gpcd  by  2000  and  185  gpcd 
by  2020.  The  2020  flows  of  185  gpcd  were  used  to 
develop  the  curves. 

6.  A new  treatment  facility  will  be  required  in  1980,  2000, 
and  2020.  In  1990  and  2010  the  existing  facility  will 
be  enlarged  to  handle  2000  and  2020  predicted  loads, 
respectively. 
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CAPITAL  COST,  x 8 1,000,000 


POPULATION  EQUIVALENTS,  RAW  ORGANIC  WASTE 
(x  1000) 


FIGURE  4.  Capital  Cost  of  Municipal  Sewage  Treatment  Plants 


Table  19  - Present  and  Projected  Municipal  Waste  Treatment  Costs 


Columbia-North 

i Pacific 

Region  1/ 

2/  3/ 

Subregion 

1980 

1990  2000  2010 

Thousands  of  Dollars 

2020 

— 

1 

76,966 

39,799 

99,110 

50,102 

126,125 

2 

29,909 

16,815 

41,176 

22,957 

56,872 

3 

27,359 

14,304 

35,647 

17,667 

45,262 

4 

39,622 

23,046 

55,695 

30,417 

78,295 

5 

35,278 

19,673 

47,866 

25,155 

64,030 

6 

24,089 

12,796 

30,378 

14,820 

37,009 

7 

31,459 

16,197 

40,212 

20,741 

51,967 

S 

31,602 

15,734 

39,939 

19,804 

49,755 

9 

132,378 

81,979 

200,810 

121,325 

301,718 

10 

64,226 

35,681 

86,497 

45,925 

114,701 

11 

173,431 

98,165 

269,135 

165,341 

393,974 

12 

2,375 

1,059 

2,695 

1,183 

3,136 

1/  Derived  from  "Cost  of  Conventional  and  Advanced  Treatment  of 
Wastewaters,"  by  Robert  Smith,  July  1968. 


2/  Values  are  amount  expended  over  10  years.  They  include 

capital  construction  costs  and  operation  and  maintenance  costs. 

3/  It  was  presumed  that  all  plants  were  constructed  in  1960  and 
have  a 20-year  life.  Thus,  they  will  be  completely  replaced 
in  the  years  1980,  2000,  and  2020. 


Management  Practices 

' Clearly  defined  working  arrangements,  as  authorized  by 

Executive  Order  11288,  need  to  be  developed  between  all  agencies 
engaged  in  water  resource  management  and  in  land  management  affect- 
ing water  quality.  Detailed  planning  and  adequate  financing  are 
required  so  as  to  prevent  any  water  quality  degradation  as  a 
result  of  flow  alteration,  increased  waste  loadings,  or  other  basin 
developments.  If  flow  regulation  for  water  quality  control  is 
authorized  in  Federal  storage  projects,  cooperative  relationships 
between  all  concerned  agencies  will  be  essential  to  insure  that 
all  competing  uses  of  stored  water  are  recognized  and  that 
allocations  are  made  for  these  uses. 
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SUBREGION  1 

CLARK  FORK  - KOOTENAI  - SPOKANE 
INTRODUCTION 

The  Clark  Fork-Kootenai-Spokane  Subregion  (figure  6)  drains 
an  area  of  36,360  square  miles  in  Montana,  Idaho,  and  Washington. 
The  subregion  is  bounded  on  the  north  by  the  Canadian  line,  on 
the  east  by  the  Continental  Divide,  and  on  the  west  and  south  by 
several  drainage  divides. 

In  general,  the  area  is  characterized  by  cold,  wet  winters 
and  hot,  dry  summers;  but  the  climate  varies  greatly  with  eleva- 
tion and  location.  Annual  precipitation  varies  from  10  to  70 
inches.  Relatively  dry  belts  exist  in  the  rain  shadows  of  the 
mountain  ranges,  with  greater  precipitation  on  the  western,  wind- 
ward slopes. 

Mining,  forestry,  agriculture,  and  recreation  are  the 
principal  areas  of  employment.  The  subregion  has  outstanding 
mineral  resources  that  have  been  well  developed,  and  contains 
large  reserves  of  important  minerals.  The  forest  products  indus- 
try utilizes  the  conifer  forests  covering  a large  part  of  the  area 
for  production  of  pulp  and  paper,  lumber,  and  plywood.  Agricul- 
tural pursuits  are  oriented  toward  livestock  raising.  Recreation 
development  is  becoming  increasingly  more  important  to  the 
economy.  Glacier  National  Park  and  nearly  10  million  acres  of 
other  Federal  land  (mainly  forest  land),  along  with  numerous  lakes 
and  rivers,  provide  excellent  opportunities  for  outdoor  recrea- 
tion. 

The  1965  population  was  about  595,100,  the  third  highest 
subregional  total.  Most  of  the  people  are  concentrated  in  the 
major  towns,  with  large  areas  only  sparsely  populated. 

The  subregion  is  divided  into  the  Clark  Fork,  Flathead, 

Pend  Oreille,  Kootenai,  and  Spokane  Subbasins.  The  major  service 
areas  are  the  Butte-Anaconda,  Missoula,  and  Spokane  areas. 


PRESENT  STATUS 

Municipalities  and  industries  are  the  most  important  pol- 
lution sources  in  the  subregion,  contributing  suspended  and 
settleable  organic  materials  to  waterways.  Figure  6 presents  a 


59 


wm—mmm 


COLUMBIA- NORTH  PACIFIC 
COMPREHENSIVE  FRAMl  WORK  STUDY 

MUNICIPAL  AND  INDUSTRIAL 
WASTES  BY  SUBBASIN 

CLARK  FORK,  KOOTENAI, SPOKANE  SUBREGION  I 


summary  of  municipal  and  industrial  organic  waste  generation  and 
discharge  for  each  major  subbasin.  The  pulp  and  paper  industry 
is  the  largest  waste  source.  Although  not  reflected  in  organic 
waste  loadings,  the  mining  and  milling  of  primary  metals  introduce 
biologically  toxic  concentrations  of  heavy  metals  and  high  sedi- 
ment concentrations  to  streams.  The  rural-domestic  population, 
agricultural  animals,  and  land  use  are  also  important  pollution 
sources.  However,  the  magnitude  and  impact  of  wastes  from  these 
sources  are  not  readily  identifiable. 

Generally,  the  surface  and  ground  waters  of  the  subregion 
are  of  excellent  quality.  The  only  exceptions  are  usually  local 
bacterial  contamination  of  streams  below  municipalities  and  sedi- 
ment problems  below  mining  operations. 


Stream  Characteristics 


The  principal  streams  in  Subregion  1 are  the  Kootenai, 
Spokane,  Flathead,  Clark  Fork,  and  Pend  Oreille  Rivers.  All  of 
these  are  fed  primarily  by  snowmelt  rivers  with  additional  runoff 
contributed  by  rainfall.  Most  rivers  are  controlled  by  storage 
for  power  and  irrigation,  affording  in  some  instances  an  oppor- 
tunity for  recreation. 

Average  annual  runoff  from  the  subregion  amounts  to  about 
35.1  million  acre-feet,  of  which  about  8.9  million  acre-feet 
originate  in  Canada. 


Surface-Water  Hydrology 

Seasonal  distribution  of  streamflow  is  characterized  by 
peak  flows  during  May  and  June--a  direct  result  of  precipitation 
and  melting  snow.  Average  flows  for  these  2 months  are  about 
three  times  the  average  annual  flows.  April  and  July  flows  are 
about  equal  to,  or  a little  above,  average  annual  flows.  The 
other  8 months  are  characterized  by  low  flows,  approximately  one- 
half  of  the  average  annual  flows.  Average  annual  flows  by  month, 
and  mean  annual  flows  for  selected  stations  on  major  rivers  and 
tributaries  are  presented  in  table  20. 
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Tabic  20  - Average  Monthly  Discharge,  Subregion  1 (12) 


Bl  jcktoot  River 
near  Bonner,  Mont, 
i lar*  Fork  River 

above  Missoula.  Mont, 
(.lark  Fork  River 

below  Missoula,  Mont. 
Clark  Fork  River 
near  Plains,  Mont. 
Clark  Fork  River 

near  Cabinet,  Idaho 

Flathead  Subbasin 
Flathead  River 
at  Flathead,  B. 
Flathead  River 

near  Coluabu  Falls, 
Montana 

South  Fork  Flathead  Rive 
near  Columbia  Falls, 
Montana 
Flathead  River 

at  Columbia  Falls, 
Montana 
Flathead  River 

near  Poison,  Montana 

Pend  Oreille  subbasin 
Pend  Oreille  River 
at  Newport.  Wash. 

Pend  Oreille  River 
near  Metaiine  Falls, 
Nashington 


at  Newgate.  8.  C. 
Kootenai  River 
at  Libby.  Montana 
Kootenai  River 
at  Lconta,  Idaho 
Moyle  River 

at  Eileen,  Idaho 
kootenai  River 

at  Porthill,  Idaho 

■p  iane  subbasin 
Spokane  River 

at  Spokane,  Hash. 
Coeur  d'Alene  River 
at  ( italJo,  Idaho 


S24  524  642  1,64b  4,547  4,706  1.871  89.  6 In  :B9  62*  :•*.  - . 4?P 
1,209  1,317  1,721  3,620  7,816  7.719  2.869  l,3t>6  1,21’  1,439  1482  1.35b  2,*6l 
2.080  2,242  2,953  6,280  14,857  15,362  5,366  2,034  1,946  2.S89  2,666  2.423  5.066 
13,983  10,272  11,197  20.259  43.057  40,623  18,536  7.281  «.«*<*  1 15,297  10.843  13,94'  18.328 
1S.27S  12,846  13,384  27.53S  44.129  44,472  21,497  8,S8b  9,445  16,166  17,846  15.490  20,889 


919  362  273  3«4  329 


3,802  1.499  1,043  1,176  1,115  894 

1,768  1.229  2,054  5.747  ’.234  4.965 


9,771  4,133  4,126  8,083  9.513  6.845 

10,812  3,999  5.648  11,367  12.721  10.025 


23.055  9,069  10,997  22,147  24,83"  24, "t 


1.385  1 0,182  10,34  6 22,1.31  25,527 


18.324  8,072  5.880  5,160  4,076  3,0*5 

9.495  b.S18  6,610  6.761  10.311  12.02" 


1,736  7.360  6.998  7,310  11,044  12,833 

574  176  155  224  294  318 


7.275  7,849  11,791  13,640 


1.392  1,490  1,533  2.088  3.092  5,020 

902  468  391  534  1,144  2,152 


From  the  standpoint  of  waste  discharge  control,  the  low- 
flow  months  of  August,  September,  and  October  are  the  most 
important.  In  most  of  the  subregion,  August  is  the  critical 
month.  One-in-ten-year  lc-w  flow  is  the  selected  recurrence  fre- 
quency designated  to  describe  critical  low  flows.  These  data  for 
selected  stations  are  summarized  in  table  21. 
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Table  21  - One-in-Ten-Year  Low  Flows,  Subregion  1 (12) 


One- in-Ten- Year 


Stream  and  Location  Low  Flow 

(cfs)  \J 

Clark  Fork  Subbasin 

Blackfoot  River  near  Bonner,  Montana  300 

Clark  Fork  River  above  Missoula,  Montana  710 

Clark  Fork  River  below  Missoula,  Montana  1,050 

Clark  Fork  River  near  Plains,  Montana  4,000 

Clark  Fork  River  near  Cabinet,  Idaho  5,300 

Flathead  Subbasin 

Flathead  River  at  Flathead,  B.C.  95 

Flathead  River  near  Columbia  Falls,  Montana  370 

South  Fork  Flathead  R.  near  Columbia  Falls,  Mont.  280 

Flathead  River  at  Columbia  Falls,  Montana  1,100 

Flathead  River  at  Poison,  Montana  1,900 

Pend  Oreille  Subbasin 

Pend  Oreille  River  at  Newport,  Washington  5,100 

Pend  Oreille  R.  near  Metaline  Falls,  Wash.  5,800 

Kootenai  Subbasin 

Kootenai  River  at  Newgate,  B.C.  1,600 

Kootenai  River  at  Libby,  Montana  2,800 

Kootenai  River  at  Leonia,  Idaho  3,400 

Moyie  River  at  Eileen,  Idaho  59 

Kootenai  River  at  Porthill,  Idaho  4,100 

Spokane  Subbasin 

Spokane  River  at  Spokane,  Washington  1,030 

Coeur  d'Alene  River  at  -Cataldo,  Idaho  220 


1/  Period  of  1 month. 


Impoundments  and  Stream  Regulation 

Major  impoundments  include  Flathead,  Pend  Oreille,  Coeur 
d'Alene,  and  Priest  Lakes,  and  Hungry  Horse,  Libby,  and  Noxon 
Rapids  Reservoirs.  In  general,  operation  of  impoundments  is 
designed  to  provide  regulation  primarily  for  the  authorized  pur- 
poses of  flood  control,  irrigation,  power,  navigation,  and  fish 
and  wildlife  enhancement. 

Generally,  examination  of  impoundments  with  regard  to 
water  quality  has  been  very  limited.  However,  the  high  level  of 
development  that  has  been  imposed  upon  the  waters  of  the  sub- 
region  makes  the  effects  of  impoundments  an  important  feature  of 
the  water  quality  control  situation  of  the  subregion. 
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; The  most  severe  water  quality  problem  associated  with 

impoundments  is  at  and  below  Long  Lake  Dam.  Thermal  stratifica- 
tion, coupled  with  nutrient  and  organic  loads  in  the  vicinity  of 
Spokane,  has  resulted  in  oxygen  depletion  in  the  bottom  layers  of 
Long  Lake  during  the  summer  and  fall  months.  Abundant  quantities 
f of  nutrients  stimulate  algal  growth  in  Long  Lake.  The  settling 

and  decomposition  of  dead  algal  cells  in  the  bottom  layers  of  the 
lake  add  to  the  depletion  of  oxygen. 

f Ground-Water  Characteristics 

Large  supplies  of  ground  water  are  available  in  certain 
areas  of  the  Clark  Fork-Kootenai-Spokane  Subregion.  The  largest 
is  in  the  Spokane  Subbasin,  where  a substantial  portion  of  the 
[ ground  water  is  underflow  from  Lake  Pend  Oreille,  which  moves 

[ beneath  Rathdrum  Prairie  in  Idaho  and  enters  the  Spokane  Valley. 

Wells  with  specific  capacities  of  a few  hundred  to  several  thou- 
sand gpm  per  foot  are  common.  Other  areas  with  moderate  to  large 
yields  obtained  from  wells  include  parts  of  Bitterroot,  Missoula, 

■ Deer  Lodge,  Divide  Creek,  Kootenai,  and  Flathead  Valleys. 

[ 

Ground-water  reservoirs,  although  used  appreciably  only  in 
the  Spokane  area,  can  supply  large  yields.  High  quality  surface 
water,  available  in  most  of  the  subregion,  has  minimized  the 
development  of  ground-water  resources  at  present.  A rough  esti- 
mate indicates  that  the  magnitude  of  the  available  ground-water 
supply,  is  many  million  acre-feet. 

The  general  chemical  quality  of  ground  water  is  excellent. 
Water  from  alluvial  and  glacial  deposits,  furnishing  most  of  the 
large  well  supplies,  is  chacterized  by  dissolved  solids  of  less 
> than  200  mg/1;  total  hardness  of  80  to  150  mg/1;  low  fluoride 

concentrations;  and  no  iron  problems.  Sedimentary  and  volcanic 
aquifer  formations  generally  exhibit  dissolved  solids  of  less 
than  250  mg/1;  total  hardness  50  to  110  mg/1;  fluoride  0.2  to 
0.8  mg/1;  silica  generally  40  to  50  mg/1;  and  iron  may  be  a prob- 
lem in  a few  wells. 

In  general,  there  are  no  detrimental  or  hazardous  constitu- 
ents that  would  affect  the  utility  of  the  water  for  domestic, 
industrial,  or  irrigation  use.  However,  some  concern  has  been 
voiced  in  the  Spokane  and  Missoula  areas  about  the  possible  con- 
tamination of  ground  water  by  ground  waste  disposal  practices  of 
homes  and  industries  in  the  unincorporated  areas  surrounding  these 
service  areas. 


Pollution  Sources 


Industrial  waste  production  and  treatment,  in  population 
equivalents,  in  the  Clark  Fork-Kootenai-Spokane  Subregion  are 
summarized  for  each  subbasin  in  table  22. 


At  present,  municipalities  and  industries  produce  organic 
wastes  equivalent  to  those  from  a population  of  about  901,500 
persons.  Of  this  total,  52  percent  is  generated  by  the  pulp  and 
paper  industry,  46  percent  by  municipalities,  and  the  remaining 
two  percent  by  the  food-processing,  lumber  and  wood  products,  and 
miscellaneous  industries. 

Waste  treatment  and  other  means  of  waste  reduction  decrease 
the  total  organic  load  to  the  subregion's  surface  waters  about 
55  percent,  so  that  only  404,700  population  equivalents  actually 
reach  waterways.  Of  this  total,  160,540  PE  are  released  by  munici- 
palities, and  244,160  PE  are  discharged  by  Industries.  In 
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addition,  the  primary  metals  industry  discharges  approximately 
27  million  gallons  of  inorganic  wastes  daily,  which  may  contain 
high  sediment  concentrations  and  toxic  materials. 

Other  sources  of  pollution  include  wastes  from  the  rural 
population,  land  use,  domestic  animals,  irrigation,  recreation, 
and  natural  sources. 


Municipalities 

Clark  Fork  Subbasin  Of  the  17  municipal  waste  sources  in 
the  Clark  Fork  Subbasin,  14  provide  conventional  waste  treatment 
facilities.  An  average  reduction  in  biochemical  oxygen  demand  of 
only  55  percent  is  accomplished  by  the  municipalities,  resulting 
in  an  organic  waste  loading  to  streams  of  approximately  47,000 
population  equivalents. 

The  Butte-Anaconda  Service  Area  accounts  for  62,450  PE,  or 
70  percent  of  the  total  municipal  waste  load  in  the  subbasin.  The 
City  of  Anaconda  presently  provides  no  waste  treatment,  resulting 
in  19,000  PE  of  sewage  being  discharged  to  Silver  Bow  Creek. 
However,  the  entire  flow  of  the  stream  is  treated  in  large  lagoons 
in  the  vicinity  of  Warm  Springs.  These  lagoons  provide  very 
efficient  treatment,  so  that  an  organic  loading  of  only  about 
4,300  PE  is  discharged  to  the  Clark  Fork  River.  The  municipalities 
in  the  Butte-Anaconda  Service  Area  below  Warm  Springs  provide 
treatment  by  oxidation  lagoons  or  secondary  plants.  They  dis- 
charge a combined  organic  load  of  1,450  PE  to  the  Clark  Fork  River. 
The  Montana  State  Tuberculosis  Hospital  at  Galen  does  not 
presently  provide  disinfection  of  its  secondary  waste  effluent 
to  the  Clark  Fork  River;  however,  chlorination  facilities  will  be 
required  before  January  1,  1970,  by  the  Montana  Water  Pollution 
Control  Council. 

The  municipal  population  of  the  Missoula  Service  Area  is 
provided  with  primary  treatment  of  its  wastes.  An  organic  loading 
of  18,000  PE  is  discharged  to  the  Clark  Fork  River  from  the 
facility.  The  Montana  Standards  call  for  secondary  treatment  at 
Missoula  by  1972. 

All  communities  in  the  Bitterroot  Valley  provide  treatment 
of  domestic  wastes  by  oxidation  lagoons  or  primary  treatment 
plants.  The  Hamilton  plant  receives  high  flows  from  the  Bitter- 
root Cannery  for  I month  in  the  summer.  This  results  in  an  over- 
loading of  present  primary  treatment  facilities.  The  State  of 
Montana  anticipates  early  expansion  of  the  present  facilities  at 
Hamilton,  with  secondary  treatment  to  be  provided  by  1972. 
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Flathead  Subbasin  Waste  collection  and  treatment  facilities 
serve  20,300  persons,  or  41  percent  of  the  Flathead  Subbasin  pop- 
ulation. In  general,  municipalities  provide  an  adequate  level  of 
waste  treatment,  so  that  only  about  9,120  PE  are  released  to  water- 
ways . 

The  City  of  Kalispell  discharges  about  7,500  PE  to  Ashley 
Creek  from  its  primary  facility.  This  represents  about  82  percent 
of  the  total  municipal  waste  loading  in  the  Flathead  Subbasin,  and 
has  resulted  in  serious  pollution  problems  in  Ashley  Creek.  The 
Montana  Water  Quality  Standards  call  for  secondary  treatment  at 
Kalispell  by  January  1,  1972. 

Other  communities  generally  have  secondary  treatment  facili- 
ties or  oxidation  iagoons.  However,  Apgar  and  West  Glacier  utilize 
septic  tanks  and  subsurface  drainage  fields.  The  City  of  Columbia 
Falls  does  not  provide  a sewer  system  or  treatment  plant.  Domestic 
wastes  are  disposed  of  by  individual  subsurface  application. 

Pend  Oreille  Subbasin  Only  11,300  persons,  or  58  percent 
of  the  Pend  Oreille  Subbasin  population,  are  served  by  municipal 
waste  collection  and  treatment  facilities.  The  municipal  popula- 
tion contributes  about  5,100  PE  to  the  Pend  Oreille  River  and 
! Pend  Oreille  Lake.  The  three  largest  communities  (Sandpoint, 

Newport,  and  Priest  River)  have  primary  waste  treatment  facilities. 
Most  other  communities  in  the  area  utilize  nonoverflow  lagoons, 
thus  contributing  little  to  the  pollution  of  waterways. 

The  cities  of  Newport,  Washington,  and  Priest  River,  Idaho, 
discharge  organic  waste  loadings  of  1,000  and  480  PE,  respectively, 
to  the  Pend  Oreille  River;  and  the  City  of  Sandpoint,  Idaho, 
discharges  3,600  PE  to  Pend  Oreille  Lake.  The  Washington  Water 
Quality  Standards  call  for  secondary  treatment  at  Newport  during 
* 1972.  The  Idaho  Water  Quality  Standards  list  Priest  River  and 

' Sandpoint  as  in  need  of  secondary  treatment  during  1971. 

Kootenai  Subbasin  Approximately  5,500  persons,  or  only 
23  percent  of  the  Kootenai  Subbasin  population,  are  served  by 
municipal  waste  collection  and  treatment  systems.  The  cities  of 
Eureka  and  Libby,  Montana,  provide  primary  treatment,  and  Bonners 
Ferry,  Idaho,  has  septic  tanks,  which  are  scheduled  to  be  re- 
placed with  a secondary  treatment  facility.  The  remaining  popu- 
lation in  the  Kootenai  Subbasin  is  scattered  in  rural  areas  or  in 
small  communities  which  do  not  have  sewage  collection  systems. 

Eureka  discharges  an  organic  load  of  700  PE  to  Tobacco 
River,  and  Bonners  Ferry  and  Libby  discharge  1,380  and  1,950  PE, 
respectively,  to  the  Kootenai  River. 
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Spokane  Subbasin  Approximately  206,430  persons,  or  58 
percent  of  the  Spokane  Subbasin,  are  served  by  municipal  waste 
collection  systems.  The  municipal  waste  treatment  inventory 
includes  11  secondary  treatment  facilities,  one  primary  treatment 
plant,  11  lagoons,  and  10  municipalities  which  do  not  have  any 
form  of  conventional  waste  treatment.  The  average  reduction  in 
the  biochemical  oxygen  demand  by  waste  treatment  is  65  percent. 

The  major  municipal  waste  discharge  is  in  the  Spokane 
Service  Area,  which  accounts  for  nearly  90  percent  of  the  sub- 
basin's municipal  population  and  waste  discharge.  Most  major 
municipalities  in  the  service  area  provide  either  secondary  treat- 
ment or  nonoverflow  lagoons,  except  the  City  of  Spokane,  which 
has  primary  treatment.  The  Washington  Water  Quality  Standards 
call  for  secondary  treatment  of  Spokane  municipal  wastes  by 
June  30,  1972.  The  City  of  Spokane  presently  discharges  about 
80,000  PE  to  the  Spokane  River.  In  addition,  there  are  areas  in 
the  Spokane  vicinity  where  combined  sewers  and  scattered  raw 
waste  discharges  now  exist.  The  populated  area  east  of  Spokane 
is  presently  served  by  septic  tanks  and  drain  fields. 

Outside  of  the  Spokane  Service  Area,  the  major  discharge 
of  municipal  wastes  is  to  the  South  Fork  of  the  Coeur  d'Alene 
River.  A waste  load  of  10,000  PE  of  raw  domestic  wastes  is  dis- 
charged to  the  river  from  the  communities  of  Wallace,  Mullan, 
Osburn,  Silverton,  Smelterville,  and  the  Burke-Mace-Gem  area. 

In  addition,  the  City  of  Kellogg  discharges  1,000  PE  after  treat- 
ment in  lagoons.  High  bacterial  contamination  of  this  stream  has 
resulted.  Planning  is  underway  to  provide  sewage  treatment  for 
the  communities  in  the  area.  The  South  Fork  of  the  Coeur  d'Alene 
River  Sewer  District  has  completed  an  engineering  study  on  sewage 
collection  and  treatment,  and  is  in  the  process  of  securing 
financing. 


Industries 


Clark  Fork  Subbasin  Industrial  waste  sources  contribute 
27,130  PE,  or  23  percent  of  the  subbasin's  total  waste  loading. 
The  majority  of  the  industrial  waste  facilities  in  the  subbasin 
consist  of  lagoons.  The  overall  reduction  of  industrial  wastes 
is  about  90  percent,  with  39  percent  for  the  food  industry,  92 
percent  for  the  pulp  and  paper  industry,  and  53  percent  for  the 
lumber  and  wood  products  industry. 

In  the  Butte-Anaconda  Service  Area,  Silver  Bow  Creek  is 
used  to  transport  industrial  wastes  to  lagoons  near  Warm  Springs. 
All  of  the  untreated  domestic  wastes  from  Butte  and  its  suburbs, 
and  the  acid  mine  wastes  from  mining  operations  in  the  vicinity 
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of  Butte  are  transported  by  Silver  Bow  Creek  to  a large  lagoon 
located  on  the  Clark  Fork  River  at  River  Mile  476.  The  domestic 
wastes  from  industrial  areas  are  transported  by  local  drainage 
channels  to  a lagoon  near  the  acid  waste  lagoon.  Both  ponds 
accomplish  sedimentation,  and  the  overflow  of  the  alkaline  lagoon 
is  directed  to  the  acid  lagoon  for  neutralization,  coagulation, 
and  sedimentation.  If  neutralization  is  not  achieved,  lime  is 
added  before  the  effluent  is  discharged.  This  neutralization 
causes  the  large  iron  concentrations  entering  with  the  acid  mine 
wastes  to  precipitate.  Effective  removal  of  both  organic  domestic 
wastes  and  inorganic  mining  wastes  is  accomplished  by  this  system 
of  lagoons . 


The  Missoula  Service  Area  is  a major  source  of  industrial 
wastes  discharged  to  the  Clark  Fork  River.  A mining  company's 
sawmill  at  Bonner,  a few  miles  above  Missoula,  contributes  5,000 
PE  from  hydraulic  debarker  wastes.  A 1 , 250-ton-per-day  kraft  pulp 
mill  is  located  12  miles  downstream  from  Missoula.  The  mill 
employs  chemical  treatment  of  its  black  liquors  and  uses  save-alls. 
In  addition  to  in-plant  control,  over  700  acres  of  lagoon  storage 
are  used  to  treat  and  hold  wastes  to  be  released  during  periods 
when  the  flow  in  the  Clark  Fork  exceeds  10,000  cfs.  Release  of 
these  wastes  is  supervised  by  the  Montana  State  Department  of 
Health,  and  bioassays  are  conducted  by  the  industry  to  determine 
the  quantities  of  wastes  which  may  be  released.  Releases  range 
up  to  420,000  PE,  with  20,000  PE  being  the  annual  average  discharge. 
The  Montana  Water  Quality  Standards  call  for  solids  removal  and 
aeration  by  June  30,  1970. 

The  only  other  major  industrial  waste  sources  are  composed 
of  the  several  manganese  mines  and  a manganese  concentrating  mill 
in  the  Philipsburg  area.  The  mill  receives  water  from  the  pump- 
ing of  a nearby  mine.  The  mill  wastes  are  settled  before  being 
discharged  to  the  City  of  Philipsburg  sewer  system.  This  area 
also  contributes  inorganic  pollution  leached  from  the  tailing 
piles,  especially  during  periods  of  heavy  rainfall.  The  magnitude 
and  extent  of  this  pollution  are  unknown. 

Flathead  Subbasin  Industrial  waste  problems  in  the  Flathead 
Subbasin  are  very  limited.  Only  one  industry  is  not  providing 
satisfactory  treatment  of  wastes.  About  300  PE  are  discharged  to 
Spring  Creek  without  any  form  of  treatment. 

Pend  Oreille  Subbasin  In  the  Newport,  Priest  River,  and 
Sandpoint  area,  the  principal  industrial  community  consists  of 
numerous  sawmills.  While  the  exact  nature  and  quantity  of  the 
sawmills'  wastes  are  not  known,  it  appears  that  most  of  these  mills 
provide  certain  good  housekeeping  measures,  such  as  collection  and 
burning  of  sawdust,  wood  chips,  and  bark.  These  industries  either 
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are  complying  with  State  requirements  or  have  initiated  programs 
to  attain  compliance  with  State  regulations. 

In  the  Metaline  Falls  area,  the  major  waste  sources  are 
from  the  mining  industry.  Most  important  are  the  wastes  and 
drainages  from  several  lead  and  zinc  mines,  three  smelters,  and 
tailing  ponds  in  the  area.  Inorganic  wastes  from  these  operations 
are  presently  discharged  to  the  Pend  Oreille  River  and  have 
damaged  the  stream  biota  from  Metaline  Falls  to  the  river's  mouth. 

Kootenai  Subbasin  In  general,  industrial  pollution  has 
been  a minor  problem  in  this  subbasin. 

The  largest  industry  in  the  area  is  a papermill  located  in 
Libby.  This  firm  produces  finished  lumber,  plywood,  and  wood 
sugar.  The  mill  provides  satisfactory  in-plant  control  measures 
and  facilities  for  removal  of  wood  solids  from  lumbering  produc- 
tion. Although  no  information  is  available  as  to  the  nature  and 
amount  of  wastes  resulting  from  the  production  of  wood  sugar,  it 
is  known  that  the  process  involves  sizable  quantities  of  water 
with  the  possible  discharge  of  polluting  waste  water.  The  mill 
has  a secondary  treatment  plant  for  sanitary  wastes,  which  dis- 
charges about  50  PE  to  the  Kootenai  River. 

A mining  company  mines  and  refines  vermiculite  from  exten- 
sive deposits  about  7 miles  east  of  Libby.  The  company  has 
recently  modified  the  plant  for  solids  removal  and  recirculation 
which  should  end  pollution  of  Rainy  Creek. 

Spokane  Subbasin  The  degree  of  industrial  waste  treatment 
in  the  Spokane  Subbasin  is  quite  low.  Only  three  percent  of  the 
industrial  waste  production  of  222,200  PE  receives  treatment, 
since  the  mining  and  milling  industry  along  the  South  Fork  of  the 
Coeur  d'Alene  River  and  the  pulp  and  papermill  at  Millwood  provide 
only  partial  treatment.  Most  of  the  industries  in  the  Spokane 
area  are  connected  to  the  public  sewer  system,  and  their  wastes 
receive  primary  treatment.  Other  industries  in  the  Spokane  area 
and  lumbering  in  the  Coeur  d'Alene  area  generally  provide  adequate 
treatment . 

One  pulp  and  papermill  in  the  Spokane  Service  Area  has  no 
conventional  treatment,  except  in-plant  control.  The  company 
relies  on  land  application  of  spent  sulfite  waste  liquor  in  the 
summer  months  to  reduce  waste  loadings  discharged  to  the  Spokane 
River.  The  average  organic  waste  load  discharged  to  the  Spokane 
River  is  about  210,000  PE.  In  addition,  large  quantities  of 
settleable  and  suspended  solids  are  released.  The  Washington 
Water  Quality  Standards  Implementation  Plan  lists  it  in  need  of 
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complete  secondary  treatment,  with  secondary  treatment  or  land  dis- 
posal of  the  sulfite  waste  liquor  effluent  by  September  1971. 

Both  the  South  Fork  and  the  main  stem  of  the  Coeur  d'Alene 
River  have  been  destroyed  for  all  water  uses  except  waste  disposal. 
The  South  Fork  of  the  Coeur  d'Alene  River  receives  untreated 
wastes  from  mine  tailings,  acid  industrial  wastes  from  zinc  and 
lead  smelter  operations,  phosphoric  acid  wastes,  and  wastes  from 
an  antimony  plant  on  Big  Creek.  The  mine  and  smelter  wastes, 
containing  heavy  loads  of  suspended  sediment  and  biological Iv 
toxic  concentrations  of  lead  and  zinc,  have  been  the  prime  cause 
of  pollution.  The  State  of  Idaho  reports  that  the  mining  opera- 
tions are  installing  tailing  ponds  to  remove  silt  and  sand  from 
mine  washings,  and  are  studying  treatment  procedures  for  the 
reduction  of  contaminants  from  metal -processing  operations  and 
significant  sources  of  mine  drainage. 

Other  industrial  waste  sources  in  the  subbasin  include  the 
aluminum  mills  at  Trentwood  and  Mead,  a slag  reclamation  plant 
in  Spokane,  and  a food-processing  plant  at  Post  Falls,  Idaho. 

The  aluminum  mills'  wastes  are  IS  mgd  of  cooling  water  and  domes- 
tic wastes  which  receive  secondary  treatment.  The  Washington 
Water  Pollution  Control  Commission  does  not  consider  the  mills 
to  be  major  sources  of  pollution.  The  slag  reclamation  plants, 
which  contain  30,000  mg/1  of  chlorides,  receive  sedimentation 
before  being  disposed  of  to  a city  sewer  which  discharges  directly 
to  the  Spokane  River.  During  periods  of  low  flow,  it  is  estimated 
that  this  results  in  a 1.6  mg/1  contribution  to  the  river's 
chlorides.  The  State  of  Washington  Water  Quality  Standards  indi- 
cate that  the  company  is  in  need  of  chemical  treatment  and  outfall 
improvement.  The  facilities  are  to  be  in  operation  by  September  30, 
1971.  The  food-processing  plant  at  Post  Falls,  Idaho,  discharges 
6,000  PL  of  food-processing  wastes  to  the  Spokane  River  without 
treatment . 


Rural-Domestic 


A summary  of  the  population  served  by  individual  waste 
disposal  facilities  is  presented  in  table  23.  About  42  percent, 
or  246,700  persons,  are  served  by  rural  systems. 


Table  23  - Summary  of  Population  Served  by  Individual 
Waste  Disposal  Facilities,  Subregion  1 1/ 


Population 

Percent 

Percent 

Served 

Subregion 

Subbasin 

Subbasin 

Thousands 

Population 

Population 

Clark  Fork 

47.2 

7.8 

31.1 

Flathead 

29.1 

4.8 

59.0 

Pend  Oreille 

8.3 

1.4 

42.3 

Kootenai 

18.6 

3.1 

77.1 

Spokane 

143.5 

24.1 

41.0 

Total 

246.7 

41.2 

1/  Derived  as 

a residual  from 

FWPCA  Municipal  and  Industrial 

Waste  Inventory,  Clark  Fork 

-Kootenai -Spokane 

Subregion,  1965. 

The  only  problem  areas  presently  associated  with  rural- 
domestic  wastes  are  in  the  Spokane  Valley,  and  along  Coeur  d'Alene, 
Flathead,  and  Pend  Oreille  Lakes.  The  populated  valley  east  of 
Spokane  contains  a population  of  some  50,000  in  unsewered,  unin- 
corporated communities  and  subdivisions  which,  by  disposing  of 
wastes  through  septic  tanks  and  tile  fields,  pose  a pollutional 
threat  to  the  area's  abundant  ground-water  supply.  Pend  Oreille, 
Coeur  d'Alene,  and  Flathead  Lakes  receive  untreated  sanitary 
wastes  from  the  lakeshore  and  houseboat  resident  population, 
estimated  at  nearly  2,000  °E.  The  summer  population  in  these  areas 
is  probably  several  times  this  number.  The  States  of  Idaho, 
Washington,  and  Montana  are  initiating  measures  to  solve  these 
problems . 


Irrigation 

Approximately  480,000  acres  are  presently  irrigated  in  the 
Clark  Fork-Kootenai-Spokane  Subregion.  This  requires  1,974,000 
acre-feet  of  water  diverted  annually,  of  which  about  1,244,000 
acre-feet  return  to  streams  as  irrigation  return  flows.  Sprinkler 
methods  of  irrigation  are  practiced  on  about  30  percent  of  the 
irrigated  land,  and  the  remaining  land  is  generally  irrigated  by 
ridge  and  furrow  methods. 

The  major  areas  of  irrigation  diversions  and  return  flows 
are  in  the  Clark  Fork,  Bitterroot,  and  Flathead  Valleys.  No  major 
pollution  problems  have  been  reported  in  these  or  other  areas  as 
a result  of  irrigation. 
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Agricultural  Animals 

Agricultural  animals  are  considered  to  be  a major  waste 
source  In  the  Clark  Fork-Kootenai -Spokane  Subregion,  although  the 
impact  of  animal  wastes  on  water  quality  is  difficult  to  determine. 
The  large  populations  of  animals--cattle,  sheep,  and  poultry-- 
produce  an  estimated  waste  loading  equivalent  to  that  from  a popu- 
lation of  3.1  million  persons.  An  estimated  95  percent  of  the 
waste  loading  is  removed  by  soil  filtering  and  natural  decomposi- 
tion, so  that  about  155,000  PE  eventually  reach  waterways. 

Generally,  the  waste  loading  attributed  to  the  animal 
population  does  not  represent  a meaningful  figure,  since  the 
animal  population  is  diffused  throughout  the  subregion.  However, 
feedlots,  dairies,  and  poultry  houses  can  be  sources  of  concen- 
trated waste  loadings.  Water  quality  impacts  have  been  noted  on 
several  tributary  streams  such  as  Hangman  Creek  in  the  vicinity 
of  Tekoa,  Washington.  The  effects  of  wastes  from  stockyards  upon 
ground  water  in  the  City  of  Spokane  area  and  the  influences  of 
livestock  concentrations  along  the  banks  of  the  Spokane  River 
downstream  from  Long  Lake  are  considered  to  be  important.  However, 
their  impacts  remain  to  be  evaluated  and  corrected. 

Other  Land  Uses 


The  production  and  transport  of  sediment  are  the  most  sig- 
nificant quality  impairments  resulting  from  land  use  in  the  Clark 
Fork-Kootenai-Spokane  Subregion.  The  sediment  yield  ranges  between 
0.02  and  4.0  acre-feet  per  square  mile  per  year,  and  the  greatest 
yields  are  in  the  agricultural  areas  near  Spokane,  Washington, 
and  above  and  below  Flathead  Lake  in  Montana.  Other  high  yields 
may  result  from  logging  or  grazing  on  some  of  the  steep  mountain 
slopes.  The  highest  yields  of  1.5  to  4.0  acre-feet  per  square 
mile  per  year  occur  only  in  a very  small  area  in  the  Latah  Creek 
basin  on  the  Washington- Idaho  State  line.  However,  sediment 
yields  are  high  over  most  of  Spokane  County,  Washington.  Gravel 
and  dirt  roads  in  mountainous  areas  are  also  significant  contribu- 
tors of  sediments. 


Others 

Recreation,  navigation  and  dredging,  and  natural  sources 
are  considered  to  be  relatively  minor  pollution  sources  in  the 
Clark  Fork-kootenai-Spokane  Subregion. 


Present  Water  Quality 

The  Washington  Water  Pollution  Control  Commission  main- 
tains basic  data  stations  in  cooperation  with  the  Geological 
Survey  on  the  Spokane  River  at  Otis  Orchards,  Washington,  and 
Long  Lake;  on  the  Little  Spokane  River  at  Dartford,  Washington; 
and  on  the  Pend  Oreille  River  at  Newport,  Washington;  and  Waneta, 
B.  C.,  Canada  (formerly  at  Metaline  Falls,  Washington).  Several 
agencies  have  also  collected  water  quality  data  for  short-term 
surveys.  In  general,  this  is  the  only  type  of  data  available  for 
the  Idaho  and  Montana  portions  of  the  subregion.  A summary  of 
annual  mean  and  extreme  values  for  selected  water  quality  para- 
meters is  presented  in  table  24  where  sufficient  data  are  avail- 
able. 


Streams  within  the  subregion  are  generally  fast  moving, 
well-aerated  streams  with  dissolved  oxygen  levels  near  saturation. 
However,  during  the  summer  months  when  streamflows  are  low  and 
seasonal  waste  loadings  are  high,  oxygen  levels  are  depressed  in 
three  areas.  Dissolved  oxygen  levels  often  drop  below  2 mg/1  in 
Ashley  Creek  from  Kalispell  to  the  mouth.  Silver  Bow  Creek, 
part  of  the  Clark  Fork  system  running  from  Butte  to  Warm  Springs, 
is  completely  devoid  of  oxygen  as  a result  of  its  use  as  a means 
of  transporting  municipal  and  industrial  wastes  downstream  to 
oxidation  ponds.  During  the  summer,  the  Spokane  River  below  the 
Inland  Empire  Paper  Company  experiences  depressions  of  several 
milligrams  per  liter  in  dissolved  oxygen.  This  condition  extends 
into  Long  Lake  and  becomes  worse  in  conjunction  with  ponding. 

The  lake  experiences  periodic  algal  growths  and  stratification, 
both  of  which  add  to  the  dissolved  oxygen  problem.  While  oxygen 
levels  near  the  surface  are  supersaturated  due  to  photosynthetic 
activity,  concentrations  diminish  at  deeper  levels  because  of 
lack  of  reaeration  opportunity  and  a constant  drain  on  the  oxygen 
resource  by  decaying  organics.  At  levels  below  30  feet,  the 
water  is  often  devoid  of  oxygen.  Such  conditions  affect  the 
Spokane  River  downstream  from  Long  Lake  Dam  because  water  is 
released  from  low-level  outlets.  The  result  is  a low  dissolved 
oxygen  concentration  for  several  miles  beyond  the  dam. 


Bacterial  quality  is  generally  satisfactory  for  water- 
contact  recreation  and  other  uses.  However,  limited  bacteriologi- 
cal data  indicate  that  high  coliform  densities  exist  below  many 
major  population  centers.  Specific  areas  of  concern  include  the 
South  Fork  Coeur  d'Alene  River,  with  concentrations  up  to  24,000 
organisms/ 100  ml;  the  Spokane  River  from  Millwood,  Washington,  to 
Long  Lake,  with  levels  up  to  240,000  organisms/100  ml;  and  Ashley 
Creek  below  Kalispell,  with  levels  up  to  390,000  organisms/100 
ml  recorded  in  1957. 


74 


ijirfiri 


Table  24  (Continued) 


D.O.  T 
(nit/  1 ) (°C) 


Ortho 

P04  NOj-N  Fe 

(Bg/I ) mg/ 1 ) (Bg/1) 


Pend  Oreille  River 
at  Newport 
Third  Quarter 
Mean 
Min. 

Max. 


8.8  18.3 

8.0  13.5 

9.6  24.0 


Fourth  Quarter 
Mean 


Fend  Oreille  River 
at  Metaline  Falls 
First  Quarter 
Mean 
Min. 

Max. 

Second  Quarter 
Mean 
Mm. 

Max. 

Third  Quarter 
Mean 
Min. 

Max. 


11.8  1 2 . 2 

9.8  6.1 

13.7  19.6 


8.9  19.1 
7.5  13.5 
11.1  24.0 


Fourth  Quarte: 
Mean 
Min. 

Max. 


Pend  Orci 1 lc  River 
at  Wancta,  B.  C. 
First  Quarter 
Mean 
Min. 

Max. 


Second  Quarter 
Mean 
Min. 


Third  Quarter 
Mean 


Fourth  Quarter 
Mean 
Min. 
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Table  24  (Continued) 

Colifonn  Col< 

KPN/  PTH 

100ml  pH  Uni  i 


Hard.  Turb. 

(bk/1)  (JTU) 


TDS  P04  N03-N  Fe 

(mg/ 1 ) (mg/ l ) (mg/1)  (mg/1) 


Spokane  River 
at  Otis  Orchards 
First  Quarter 
Mean 
Min. 

Max. 

Second  Quarter 
Mean 
Min. 

Max. 


Third  Quarter 
Mean 
Min. 

Max. 

Fourth  Quarter 
Mean 


Little  Spokane  R. 

at  Dartford  643.0-36.1-11.4 

First  Quarter 
Mean 
Min. 

Max. 

Second  Quarter 
Mean 
Min. 

Max. 

Third  Quarter 
Mean 
Min. 

Max. 

Fourth  Quarter 
Mean 
Min. 

Max. 


Spokane  River 
at  Long  Lake 
First  Quarter 
Mean 
Min. 

Max. 


Second  Quarter 
Mean 
Min. 

Max. 

Third  Quarter 
Mean 
Min. 

Max. 

Fourth  Quarter 
Mean 
Min. 

Max. 


FWPCA  STORET,  1968. 


Water  temperatures  are  generally  in  a range  suitable  for 
resident  fisheries  and  other  related  uses.  However,  the  tempera- 
tures in  the  Spokane  River  and  the  lower  Pend  Oreille  River  quite 
often  exceed  the  state  standard  of  65°F.  (18°C.)  during  the  late 
summer  months . 

Surface  water  in  the  Clark  Fork-Kootenai-Spokane  Subregion 
is  generally  of  excellent  mineral  quality,  although  serious 
changes  in  chemical  composition  occur  in  several  stream  reaches. 

In  the  Spokane,  Kootenai,  and  Pend  Oreille  Subbasins,  water  is 
soft  to  moderately  hard,  and  the  total  dissolved  solids  seldom 
exceed  150  mg/1.  In  the  Blackfoot  River  and  in  the  Clark  Fork 
River  above  Missoula,  maximum  dissolved  solids  concentrations 
have  exceeded  250  mg/1.  In  most  streams,  calcium,  magnesium, 
and  bicarbonate -are  the  predominant  ions;  however,  high  percent- 
ages of  sulfate  are  found  in  the  Coeur  d'Alene  River.  The  waters 
of  the  subregion  contain  relatively  small  amounts  of  silica, 
usually  averaging  less  than  10  mg/1.  Available  data  show  that 
the  Little  Spokane  River  at  Dartford,  Washington  is  the  only  stream 
with  an  average  silica  concentration  of  more  than  10  mg/1. 

Mine  wastes  and  tailings  have  degraded  the  chemical  quality 
of  waters  in  the  Upper  Clark  Fork,  South  Fork  of  the  Coeur  d'Alene, 
and  Pend  Oreille  Rivers. 

The  headwaters  of  the  Clark  Fork  River  from  River  Mile  496 
to  476  have  been  designated  by  the  Montana  State  Legislature  to 
convey  industrial  wastes  from  Butte  and  Anaconda  to  a treatment 
lagoon  on  the  Clark  Fork  River  near  Warm  Springs.  Acid  mining 
wastes  and  alkaline  wastes  from  refining  and  milling  operations 
have  resulted  in  iron  concentrations  from  20  to  200  mg/1;  copper 
concentrations  as  high  as  11  mg/1;  turbidities  from  100  to  200 
mg/1  (as  Si02) ; and  hardness  values  of  over  350  mg/1.  However, 
immediately  below  the  lagoons  the  quality  of  the  Clark  Fork  is 
improved.  During  normal  operations,  the  iron  concentration  is 
reduced  to  1.2  mg/1  or  less;  the  copper  concentration  is  reduced 
to  trace  quantities;  and  the  turbidity  is  decreased  to  7 to  9 mg/1 
(as  SiC>2).  Nearly  all  other  inorganic  toxic  pollutants  are 
reduced  substantially,  including  lead,  zinc,  and  arsenic.  However, 
a strike  by  copper  workers  created  some  treatment  problems  during 
1967,  which  resulted  in  higher  levels  of  iron,  zinc,  and  copper 
being  released  from  the  lagoon.  From  River  Mile  469  to  Pend 
Oreille  Lake,  the  mineral  quality  of  the  Clark  Fork  continues  to 
improve  as  tributaries  of  higher  quality  enter.  The  hardness  and 
total  dissolved  solids  decrease  from  about  350  and  500  mg/1, 
respectively,  at  Deer  Lodge  (R.M.  463)  to  approximately  100  mg/1 
at  Thompson  Falls  (R.M.  210) . Most  cations  and  anions  exhibit  a 
similar  decreasing  trend.  An  important  exception  is  the  iron  con- 
centration, which  is  consistently  above  the  0.3  mg/1  drinking  water 
standard. 
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Mining  and  smelting  wastes  contribute  heavy  loads  of  suspended 
sediment  and  biologically  toxic  concentrations  of  lead,  copper, 
zinc,  and  arsenic  to  the  South  Fork  of  the  Coeur  d'Alene  River. 
Biologically  toxic  concentrations  of  lead  as  high  as  19  mg/1  and 
concentrations  of  zinc  varying  from  14  mg/1  in  the  vicinity  of 
smelters  to  one  mg/1  near  Coeur  d'Alene  Lake  have  been  measured. 

As  a result,  the  South  Fork  supports  no  growths  of  aquatic  vegeta- 
tion or  organisms.  The  main  stem  of  the  Coeur  d'Alene  River  also 
carries  toxic  concentrations  of  heavy  metals  below  its  confluence 
with  the  South  Fork.  Farmlands  along  the  river  must  provide  dikes, 
flood  gates,  and  pumps  to  prevent  these  toxic  wastes  from  reach- 
ing the  fields.  Studies  of  the  Coeur  d'Alene  River  indicate  that, 
although  the  concentrations  of  these  metals  are  high  in  the  upper 
portions  of  the  river,  the  majority  of  these  metals  combine  with 
other  substances  forming  insoluble  salts  which  settle  out  before 
they  reach  Coeur  d'Alene  Lake.  The  large  dilution  capacity  of 
Coeur  d'Alene  Lake  further  serves  to  confine  the  situation  to  the 
Coeur  d'Alene  River  drainage  and  prevents  its  affecting  the  quality 
of  the  lake  or  Spokane  River,  which  flows  from  the  lake.  However, 
the  basic  data  station  on  the  Spokane  River  near  the  Washington- 
Idaho  state  line  indicates  that  relatively  high  zinc  concentra- 
tions (0.2  to  0.3  mg/1)  are  still  evident  even  after  travel 
through  the  lake. 


t.  ! 


In  the  Pend  Oreille  River  below  Metaline  Falls,  Washington, 
deposits  from  mining  wastes  and  drainages  exert  a blanketing 
effect  on  the  stream  channel  and  are  a potential  source  of  toxic 
materials.  During  an  August  1963  study  (23),  live  box  tests  with 
rainbow  trout  fingerlings  strongly  indicated  that  there  is  no 
toxicity  problem  in  the  Pend  Oreille  River  resulting  from  the 
mine  effluents.  However,  the  effect  of  the  mine  tailing  wastes 
on  the  bottom  fauna  of  the  river  is  significant.  Above  the  zinc 
and  lead  mines,  the  bottom  gravel  was  clean  and  a large  number  of 
organisms  were  found.  Below  the  mines,  and  in  Waneta  Reservoir, 
there  was  an  almost  complete  absence  of  organisms,  and  the  bottom 
was  covered  with  mine  tailings  to  an  unknown  depth. 

Several  small  tributaries  have  also  been  seriously  affected 
by  mining  wastes.  Warm  Springs  Creek  in  the  Clark  Fork  Subbasin 
exhibits  hardness  in  the  range  of  500  to  800  mg/1  (as  CaCOj)  and 
sulfate  concentration  near  400  mg/1.  Turbidity  in  Flint  Creek 
has  been  reported  to  increase  from  10  to  30  mg/1  (as  SiC>2)  by 
passing  through  the  Philipsburg  area  because  cf  runoff  from 
abandoned  mill  tailings.  A number  of  small  creeks  in  the  Coeur 
d'Alene  drainage,  including  Beaver  Creek,  East  Fork  of  Eagle  Creek, 
Canyon  Creek,  Nine  Mile  Creek,  and  Pine  Creek  are  in  about  the 
same  condition  as  the  South  Fork  of  the  Coeur  d'Alene  River. 


The  Spokane  River  is  the  only  major  stream  in  the  Clark 
Fork-Kootenai-Spokane  Subregion  showing  excessive  algal  growths. 
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The  condition  exists  from  about  the  Idaho-Washington  state  line 
to  the  mouth  of  the  river  and  is  most  evident  in  Long  Lake. 

Immediately  below  Post  Falls  Dam,  the  Spokane  River  contains 
algae  and  bottom  fauna  characteristic  of  a low  nutrient  stream. 

The  algal  forms  are  chiefly  diatoms,  the  rocks  of  the  bottom  are 
clean,  and  no  filamentous  algal  forms  are  found.  A very  prominent 
and  marked  change  in  the  biological  ecology  occurs  in  the  Spokane 
River  near  the  state  line  (about  4 miles  below  the  Post  Falls  Dam). 
Heavy  sessile  growths  of  algae  and  bacterial  slimes  intermixed 
with  blue-green  algae  become  predominant.  Although  the  rapid 
change  is  not  completely  understood,  it  is  thought  to  result  from 
either  underground  inflow  of  high  nutrient  waters  to  the  river  or 
a decrease  in  the  residual  toxicity  of  heavy  metals,  particularly 
zinc,  to  a level  which  would  allow  normal  growth  of  aquatic 
organisms  (13).  At  Long  Lake,  below  the  Spokane  Service  Area, 
heavy  algal  blooms  occur  in  the  upper  stratified  levels.  Upon 
dying,  these  aquatic  growths  settle  to  the  bottom  and  undergo 
natural  decay  and  decomposition,  which  exert  a heavy  biochemical 
oxygen  demand  on  the  already  oxygen-deficient  waters. 

Very  little  suspended  sediment  concentration  data  are  available 
in  the  Clark  Fork-Kootenai-Spokane  Subregion.  Recently  sediment 
sampling  stations  have  been  established  by  the  Geological  Survey 
on  the  Kootenai  and  Flathead  Rivers.  The  maximum  sediment  con- 
centrations recorded  at  these  stations  have  been  790  and  840  mg/1, 
respectively.  High  sediment  concentrations  have  also  been  observed 
below  major  mining  operations  along  the  Pend  Oreille,  South  Fork 
and  main  stem  Coeur  d'Alene,  and  Clark  Fork  Rivers;  and  numerous 
minor  streams  and  creeks. 


Summary  of  Problems 

Figure  7 graphically  summarizes  major  water  quality  problem 
areas  in  the  Clark  Fork-Kootenai-Spokane  Subregion.  Degradation 
of  water  quality  is  generally  associated  with  wastes  from  munici- 
palities and  industries,  although  the  rural  population,  agricul- 
tural animals,  and  land-use  practices  contribute  significant 
quantities  of  wastes. 

Inadequately  treated  municipal  wastes  result  in  bacterial 
contamination  in  Ashley  Creek  below  Kalispell,  Montana;  and  the 
South  Fork  of  the  Coeur  d'Alene  River  from  Mullan,  Idaho,  to  the 
mouth.  Municipal  wastes  and  pulp  and  paper  wastes,  as  well  as 
runoff  of  agricultural  waste  waters,  contribute  to  low  dissolved 
oxygen  levels  and  excessive  algal  blooms  in  Long  Lake  and  the 
lower  Spokane  River.  Mining  and  milling  wastes  have  rendered  the 
Clark  Fork  River  between  Butte  and  Warm  Springs,  Montana  (Silver 
Bow  Creek),  and  the  South  Fork  of  the  Coeur  d'Alene  River 
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biologically  sterile;  and  have  damaged  the  bottom  fauna  of  the 
Pend  Oreille  River  below  Metaline  Falls,  Washington.  Drainages 
and  seepage  from  septic  tanks  and  tile  fields  in  the  populated 
area  east  of  Spokane  pose  a possible  problem  of  ground-water 
pollution. 


FUTURE  WATER  QUALITY  MANAGEMENT  NEEDS 

Based  on  the  projected  economic  development  of  the  Clark 
Fork -Kootenai -Spokane  Subregion,  the  population  is  expected  to 
increase  from  595,000  in  1965  to  1,140,000  in  2020.  This  is  an 
increase  of  92  percent  for  the  subregion,  compared  with  121  per- 
cent for  the  region. 

Figure  8 shows  the  projected  subbasin  populations  for  the 
years  1980,  2000,  and  2020.  The  projected  subbasin  and  service 
area  populations  for  municipal  and  rural  categories  are  presented 
in  table  24.  By  2020,  nearly  three-fourths  of  the  subregion's 
population  is  expected  to  be  located  in  the  Spokane  Subbasin.  The 
Clark  Fork  Subbasin  will  account  for  an  additional  16  percent  of 
the  subregion  population. 

Industrial  development  in  the  future  will  continue  to  be 
based  on  the  subregion's  abundant  forest  and  mineral  resources. 
Production  by  the  pulp  and  paper  industry  is  expected  to  more  than 
triple;  however,  lumber  and  wood  products  production  will  decrease 
slightly.  The  subregion  will  continue  to  be  a leading  production 
area  for  copper,  lead,  and  zinc.  Aluminum  processing  is  also 
expected  to  expand  rapidly.  The  chemical  industry  is  projected 
to  increase  production  nearly  20  times  by  the  year  2020. 
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Table  25  - Projected 

Population, 

Subregion  1 1/ 

Location 

1980 

2000 

(Thousands') 

2020 

Clark  Fork  Subbasin 

154.0 

164.0 

180.2 

Butte-Anaconda  Service  Area 

60.2 

55.6 

50.8 

Municipal 

60.2 

55.6 

50.8 

Rural 

-- 

— 

-- 

Missoula  Service  Area 

51.7 

65.2 

82.9 

Municipal 

41.8 

59.9 

82.9 

Rural 

9.9 

5.3 

— 

Other 

42.1 

43.2 

46.5 

Municipal 

13.9 

14.4 

16.7 

Rural 

28.2 

28.8 

29.8 

Subtotal 

154.0 

164.0 

180.2 

Municipal 

115.9 

129.9 

150.4 

Rural 

38.1 

34.1 

29.8 

Flathead  Subbasin 

51.0 

58.3 

63.9 

Municipal 

22.6 

27.3 

31.0 

Rural 

28.4 

31 .0 

32.9 

Pend  Oreille  Subbasin 

18.9 

26.0 

34.2 

Minicipal 

11.5 

16.3 

22.7 

Rural 

7.4 

9.7 

11.5 

Kootenai  Subbasin 

27.3 

29.6 

35.4 

Municipal 

7.0 

8.3 

11.8 

Rural 

20.3 

21.3 

23.6 

Spokane  Subbasin 

447.9 

619.2 

826.8 

Spokane  Service  Area 

340.5 

493.0 

661.4 

Municipal 

290.5 

468.0 

661.4 

Rural 

50.0 

25.0 

— 

Other 

107.4 

126.2 

165.4 

Municipal 

49.6 

59.1 

85.9 

Rural 

57.8 

67.1 

79.5 

Subtotal 

447.9 

619.2 

826.8 

Municipal 

340.1 

527.1 

747.3 

Rural 

107.8 

92.1 

79.5 

Total  Subregion 

699.1 

897.1 

1,140.5 

Municipal 

497.1 

708.9 

963.2 

Rural 

202.0 

188.2 

177.3 

1 _/  Differences  between  totals  in  this  table  and  source  are  due  to 
differences  in  subregion  boundaries.  The  source  is  based  on 
economic  boundaries  and  this  table  is  based  on  hydrologic  boundaries. 
The  municipal  population  is  defined  as  that  population  discharging 
wastes  to  a municipal  sewerage  system.  The  rural  population  is 
defined  as  the  residual. 
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Future  Waste  Production 


Municipal 

The  projected  municipal  raw  waste  production  for  the  Clark 
Fork-Kootenai-Spokane  Subregion  is  presented  in  table  26.  The 
population  served  by  municipal  waste  collection  and  treatment 
systems  is  expected  to  increase  from  59  percent  in  1967  to  84 
percent  by  the  year  2020.  It  has  been  assumed  that  the  entire 
populations  of  the  three  major  service  areas  will  be  served  by 
municipal  systems  at  that  time. 


Table  26  - Present  and  Projected  Municipal  Raw  Organic  Waste 
Production,  Subregion  1 \j 


Location 

1970 

1980 

(1,000's 

2000 

P.E.) 

2020 

2/ 

Clark  Fork  Subbasin 

Butte-Anaconda  Service 

135.6 

144.8 

162.4 

188.0 

Area 

75.8 

75.2 

69.5 

63.5 

Missoula  Service  Area 

42.6 

52.2 

74.9 

103.6 

Other 

17.2 

17.4 

18.0 

20.9 

Flathead  Subbasin 

26.3 

28.2 

34.1 

38.8 

Pend  Oreille  Subbasin 

14.2 

14.4 

20.4 

28.4 

Kootenai  Subbasin 

7.5 

8.8 

10.4 

14 . S 

Spokane  Subbasin 

313.5 

424.5 

658.9 

934.2 

Spokane  Service  Area 

267.3 

362.5 

585.0 

826.8 

Other 

46.2 

62.0 

73.9 

107.4 

Total  Subregion 

497.1 

620.7 

886.2 

1,204.2 

1 _/  A factor  of  1.25  was  applied  to  the  municipal  population  com- 
ponents to  account  for  the  effects  of  small  commercial  estab- 
lishments and  other  urban  activities  wh'ch  add  to  municipal 
waste  loads. 

2/  Interpolated  from  1965  data  and  1980  projections. 


:i 


The  three  major  service  areas  are  expected  to  produce  78 
percent  of  the  municipal  waste  loading  in  2020,  as  compared  with 
45  percent  in  1965.  The  Spokane  Service  Area  will  account  for 
nearly  65  percent  of  the  total  service  area  municipal  waste  pro- 
duction by  2020. 
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Industrial 


Projected  raw  organic  waste  production  for  the  major 
industrial  categories  are  presented  in  table  27  for  the  years 
1980,  2000,  and  2020.  By  the  end  of  the  projection  period,  it 
is  expected  that  industries  will  contribute  approximately  48 
percent  of  the  subregion's  total  organic  waste  loading.  The  pulp 
and  paper  industry  will  continue  to  be  the  largest  organic  waste 
source,  contributing  approximately  96  percent  of  the  industrial 
waste  production.  The  primary  metals  industry  will  be  a major 
source  of  inorganic  heavy  metals,  sediments,  and  sometimes  toxic 
wastes,  particularly  in  the  Montana  and  Idaho  portions  of  the 
subregion.  There  is  a need  for  treatment  of  industrial  waste 
from  mining  and  smelting  in  the  South  Fork  of  the  Coeur  d'Alene 
River  in  the  Wallace-Kellogg  area  of  Idaho. 

Table  27  - Projected  Industrial  Raw  Waste  Production 
Subregion  1 1/  (5)  (17) 


Industrial  Category 

1970 

1980 

2000 

2020 

(1,000’ 

's  P.E.) 

Pulp  and  Paper 

564.7 

763.0 

940.0 

1,061.0 

Lumber  and  Wood  Products 

13.1 

13.0 

11.9 

11.4 

Food  Processing 

12.9 

16.2 

22.9 

32.  1 

Other 

- 

- 

- 

- 

Total 

590.7 

792.2 

974.8 

1,104.5 

1 _/  Base  data  from  FWPCA  inventory  of  Municipal  and  Industrial 
Wastes,  Clark  Fork-Kootenai -Spokane  Subregion  1965. 


In  general,  increases  in  waste  production  will  occur  at 
existing  operations  for  most  industries.  However,  it  seems 
possible  that  the  pulp  and  paper,  and  primary  metals  industries 
will  develop  new  sites  during  expansion.  There  are  several  sites 
in  the  Montana  portion  of  the  subregion  which  could  support  a new 
pulp  mill  with  a capacity  of  over  1,000  tons/day.  The  most 
feasible  of  these  sites  appears  to  be  the  Plains-Thompson  Falls 
area  along  the  Clark  Fork  River.  Alternate  sites  considered  are 
in  the  Columbia  Falls  area  on  the  Flathead  River,  and  the  Libby 
area  near  the  Kootenai  River.  The  headwater  areas  of  the 
Blackfoot  and  Bull  Rivers  are  currently  being  considered  as  lo- 
cations for  futur-  primary  metals  operations. 

Several  areas  along  the  Kootenai  and  Clark  Fork  Rivers 
have  been  identiiied  as  possible  locations  for  thermal  power- 
plants  (1). 
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Rural-Domestic 
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The  projected  rural-domestic  waste  production  is  summarized 
in  table  28  for  the  years  1970,  1980,  2000,  and  2020.  The  rural- 
domestic  waste  production  was  assumed  to  be  equal  to  the  rural 
population  component  shown  in  table  25.  For  most  areas  in  the 
subregion  the  rural  waste  production  is  expected  to  remain  rela- 
tively constant  or  to  decrease  slightly.  The  Pend  Oreille  Sub- 
basin shows  the  only  significant  increase  in  rural  waste  loadings. 

Table  28  - Projected  Rural-Domestic  Raw  Waste  Production, 

Subregion  1 


Subbasin 

1970  1/ 

1980 

(1,000's 

2000 

P.E.) 

2020 

Clark  Fork 

44.2 

38.1 

34.1 

29.8 

Flathead 

28.9 

28.4 

31.0 

32.9 

Pend  Oreille 

8.0 

7.4 

9.7 

11.5 

Kootenai 

19.2 

20.3 

21.3 

23.6 

Spokane 

131.6 

107.8 

92.1 

79.5 

Total 

231.9 

202.0 

188.2 

177.3 

T7  Interpolated  from  1965  data  and  1980  projections. 


It  can  be  expected  that  rural  developments  will  become 
concentrated  around  lakes.  In  a number  of  smaller  lakes  in  the 
Spokane  Subbasin,  septic  tank  drainages  have  already  caused 
nuisance  aquatic  blooms,  and  will  result  in  more  serious  problems 
in  the  future.  In  the  large  lakes,  such  as  Coeur  d'Alene,  Pend 
Oreille,  Priest,  and  Flathead,  rural  wastes  could  result  in 
localized  algal  problems  and  bacterial  contamination. 


Irrigation 

In  1966,  there  were  approximately  480,000  acres  of  land  u 

irrigated,  which  required  an  annual  diversion  rate  of  4 acre-feet 
per  acre.  Irrigated  acreage  is  projected  to  increase  to  860,000 
acres  by  1980,  950,000  acres  by  2000,  and  1,320,000  acres  by 
2020. L < However,  the  diversion  rate  is  expected  to  decrease  to 
approximately  3 acre-feet  per  acre.  The  actual  diversion  of 
water  for  irrigation  will,  therefore,  increase  by  about  2.1  times 
by  the  year  2020.  More  efficient  use  and  application  of  water  1 

will  result  in  this  decrease  in  division  rate  per  acre,  and 
will  generally  minimize  irrigation  as  a pollution  source. 

However,  all  large  irrigation  developments  for  a particular  river 
basin  will  still  need  to  be  studied  individually  to  evaluate 
impacts  on  water  quality. 


\J  All  data  include  irrigated  cropland  plus  an  allowance  for 

irrigated  noncropland.  87 
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Other  Land  Uses 


Projections  of  land  use  in  the  subregion,  by  major  types  of 
land  use,  are  shown  in  table  29.  The  projections  show  a decrease 
in  land  area  for  forest  and  woodland  of  approximately  three  per- 
cent by  the  year  2020.  In  contrast,  the  wood  consumption  demand 
by  the  forest  products  industry  is  expected  to  increase  by  1.25 
times  during  the  same  period.  The  potential  for  erosion  and 
stream  damage  will  be  greater  as  more  intensive  harvesting  methods 
are  employed  by  forest  users.  More  diversified  and  intensive  land 
use  in  several  river  valleys--particularly  the  Spokane,  Flathead, 
Clark  Fork,  and  Bitterroot--could  possibly  result  in  increased 
sediment  loads  for  adjacent  streams. 


Table  29  - Present  and  Projected  Land  Use,  Subregion  1 (5)  (8) 


Land  Use 

1966 

1980 

(thousands 

2000 

of  acres) 

2020 

Cropland 

1,552 

1,737 

1,739 

1,930 

Irrigated 

(465) 

(833) 

(925) 

(1,280) 

Nonirrigated 

(1,087) 

(904) 

(814) 

(650) 

Forest 

18,242 

18,118 

17,974 

17,784 

Range  1/ 

1,698 

1,439 

1,411 

1,237 

Other  2/ 

1,327 

1,414 

1,530 

1,644 

Total 

22,819 

22,708 

22,654 

22,595 

1/  Does  not  include  forest  range. 

2/  Includes  barren  land,  roads  and  railroads,  small  water  areas, 
urban  and  industrial  areas,  farmsteads,  airports,  etc. 


Increased  use  of  fertilizers  on  crop  and  pasturelands  in 
the  area  surrounding  numerous  subregion  lakes  will  represent  a 
potential  source  of  nutrients,  which  could  cause  serious  eutrophi- 
cation problems.  Pesticides  and  herbicides  applied  to  these  lands 
could  also  drain  into  the  lakes  and  build  up  to  toxic  levels 
through  the  food  chain.  Lakes  in  the  Spokane  Subbasin  will  be 
the  most  seriously  threatened  by  these  pollution  sources. 


Agricultural  Animals 

The  raw  organic  waste  production  by  the  livestock  population 
in  the  subregion  is  expected  to  be  equivalent  to  that  from  a popu- 
lation of  4,290,000  in  1980;  5,500,000  in  2000;  and  7,300,000  in 
2020.  This  would  account  for  approximately  75  percent  of  the 
total  raw  organic  waste  production  for  the  subregion.  In  addition, 
the  percentage  of  the  cattle  population  now  on  feedlots  is  expec- 
ted to  increase  over  present  levels. 
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Recreation 

The  projected  raw  waste  production  by  recreation  activities 
in  the  subregion  is  summarized  as  follows: 

Population  Equivalents  1/ 


1970 

1980 

2000 

2020 


119,500 

162,000 

298.000 

549.000 


\J  Bureau  of  Outdoor  Recreation  and  U.S.D.A.  Forest  Service 
Projections  for  total  man  recreation  days  (TMRD) . 


In  the  determination  of  wastes  from  recreation  activities,  the 
population  equivalent  is  based  on  the  total  annual  recreation 
days.  The  values  represent  the  daily  raw  waste  production  for  a 
typical  summer  weekend.  n a number  of  lakes — particularly  Coeur 
d'Alene,  Flathead,  Priest,  and  Pend  Oreille  Lakes — wastes  associ- 
ated with  recreational  activities  may  be  the  largest  source  of 
organic  materials,  nutrients,  and  bacteria. 


Other  Factors  Influencing  Quality 

While  power  production  is  not  considered  as  a depletion  of 
the  water  resource,  the  structures  and  management  of  flows  often 
affect  water  quality.  The  impoundment  of  a free-flowing  stream 
creates  a pool  in  which  the  physical  and  chemical  properties  and 
the  biological  populations  are  modified.  Selective  withdrawals 
from  different  levels  result  in  various  dissolved  oxygen  con- 
centrations and  downstream  water  temperatures. 

Nutrients  entering  the  water  from  municipal  sewage,  from 
a Canadian  fertilizer  plant,  and  from  other  sources  stimulate 
aquatic  growths.  Since  many  of  the  streams  are  nutrient-deficient 
the  result  can  be  beneficial;  however,  an  imbalance  of  nitrogen 
and  phosphorus  can  produce  excessive  growths  that  cause  a nuisance, 
obnoxious  tastes,  and  other  problems.  An  increase  in  water 
temperature  resulting  from  impoundments,  depleted  flows  and  heated 
influents  will  further  compound  the  problems. 

Streamflow  management  can  also  have  an  impact  on  water 
quality.  When  streamflows  diminish,  water  quality  suffers 
drastically.  Management  programs  reflect  the  public  attitude. 
Achievement  of  good  water  management  and  the  flows  needed  can  be 
realized  only  with  the  support  of  the  people,  fully  informed  and 
aware  of  the  problems  and  their  solutions. 
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Quality  Goals 


Quality  objectives  are  based  on  interstate  and  intra- 
state water  quality  standards  established  for  waters  of  the 
subregion.  Most  of  the  standards  contain  an  antidegradation 
provision  which  ensures  that  waters  whose  existing  quality  is 
better  than  the  established  standards  will  be  maintained  at  that 
existing  high  quality. 

The  waters  in  the  Montana  portion  of  Subregion  1 are  for 
the  most  part  classified  as  B-D  1.  The  water  uses  are  water 
supply  for  domestic  use--suitable  for  use  after  simple  disinfec- 
tion and  removal  of  naturally  present  impurities,  and  for  the 
growth  and  propagation  of  salmonid  fishes  and  associated  aquatic 
life,  waterfowl,  and  furbearers.  According  to  the  water  quality 
standards  in  Montana  for  water  classified  B-D  1,  the  dissolved 
oxygen  concentration  cannot  be  less  than  7 mg/1,  temperature 
should  not  exceed  67°F.  (19.4°C.)  turbidity  should  not  increase 
5 JTU  over  natural  conditions  and  organisms  of  the  coliform  group 
should  average  less  than  50  per  100  ml . It  should  be  noted  that 
a section  of  the  Clark  Fork  River  above  Warm  Springs  is  classified 
for  "industrial  waste  use"  with  correspondingly  lower  standards. 

Waters  in  the  Idaho  portion  for  the  most  part  are  protected 
for  domestic  and  industrial  water  supply,  irrigation,  livestock 
watering,  propagation  of  salmonid  fishes,  and  recreation.  The 
criteria  established  to  protect  these  uses  will  not  allow  waste 
discharges  that  will  cause  the  dissolved  oxygen  to  be  less  than 
75  percent  saturation  at  seasonal  low,  or  less  than  100  percent 
in  spawning  areas  during  spawning,  hatching,  and  fry  stages  of 
salmonid  fishes;  the  temperature  to  exceed  68°F.  (20°C.)  objection- 
able turbidity;  and  the  average  coliform  concentrations  to  exceed 
240  per  100  ml  along  the  shores  of  lakes  and  50  per  100  ml  in  the 
main  body  of  a lake  or  stream. 

The  waters  of  Subregion  1 in  the  State  of  Washington  are 
primarily  classified  as  "A."  The  uses  in  the  Class  A category 
are  domestic,  industrial,  and  agricultural  water  supply;  fish 
propagation  and  wildlife  habitat;  general  recreation  and  aesthetic 
enjoyment;  and  commerce  and  navigation.  The  criteria  to  protect 
these  waters  require  the  dissolved  oxygen  concentration  to  remain 
above  8 mg/1,  temperature  not  to  exceed  68°F.  (20°C.),  total 
coliform  organisms  not  to  exceed  median  values  of  240  per  100  ml, 
and  turbidity  not  to  exceed  5 JTU  over  natural  conditions. 

The  above  uses  and  criteria  are  not  inclusive,  and  the 
water  quality  standards  should  be  consulted  for  specific  informa- 
tion on  a particular  stream.  A copy  of  the  complete  set  of  each 
State's  water  quality  standards  is  available  upon  request  from 
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the  following  State  agencies:  Washington  State  Department  of 

Ecology,  the  Idaho  State  Board  of  Health,  and  the  Montana  State 
Water  Pollution  Control  Council. 


MEANS  TO  SATISFY  DEMANDS 

Controlling  pollution  in  the  Clark  Fork-Kootenai-Spokane 
Subregion  in  order  to  provide  water  quality  sufficient  to  ade- 
quately serve  the  river  systems'  functions  will  require  a co- 
ordinated program  of  waste  reduction,  flow  regulation,  applica- 
tion of  waste-controlling  techniques,  and  development  of  a system 
of  cooperative  management  of  the  watershed  for  pollution  control. 


Waste  Treatment 

Future  Waste  Discharges 

Based  on  the  treatment  levels  described  in  the  Regional 
Summary  and  on  the  raw  waste  projections  presented  earlier,  the 
projected  municipal  waste  loadings  to  be  discharged  to  waters  of 
each  subbasin  are  shown  in  table  30.  The  industrial  waste  load- 
ings for  major  industrial  categories  are  presented  in  table  31. 

The  total  municipal  and  industrial  organic  waste  loading  is 
expected  to  be  227,400  PE  in  1980;  195,100  PE  in  2000;  and 
238,600  PE  in  2020. 

By  2020,  approximately  64  percent  of  the  municipal  waste 
load  reaching  waterways  is  expected  to  be  from  the  Spokane  Service 
Area.  The  Missoula  and  Butte-Anaconda  Service  Areas  will  account 
for  an  additional  nine  and  five  percent,  respectively,  of  the 
municipal  discharge.  The  remaining  waste  load  will  be  scattered 
among  the  numerous  small  communities  in  the  subregion. 

The  most  damaging  waste  loads  discharged  to  streams  of  the 
subregion  will  continue  to  be  mining  wastes  in  the  Butte-Anaconda , 
Metaline  Falls,  and  Coeur  d'Alene  areas.  The  water  quality 
standards  implementation  plan  calls  for  treatment  of  wastes  from 
the  Metaline  Falls  and  Coeur  d'Alene  areas.  However,  in  the 
Butte-Anaconda  area,  the  primary  metals  operations  will  still 
discharge  partially  untreated  wastes  to  Silver  Bow  Creek,  which 
is  classified  by  Montana  State  Law  as  an  industrial  waterway. 

The  pulp  and  paper  industry  is  expected  to  be  the  largest 
industrial  discharger  of  organic  waste  materials.  It  has  been 
assumed  that  any  new  pulp  mills  in  the  subregion  will  employ 
chemical  recovery  facilities  and  secondary  treatment. 
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Table  30  - Projected  Municipal  Organic  Waste  Discharges 

Subregion  1 


Clark  Fork  Subbasin 

Butte-Anaconda  Service  Area 
Missoula  Service  Area 
Other 

Flathead  Subbasin 

Pend  Oreille  Subbasin 

Kootenai  Subbasin 

Spokane  Subbasin 

Spokane  Service  Area 
Other 

Total  Subregion 


19801/ 

20001/ 

20201/ 

(1,000's  P.E.) 

21.7 

16.2 

18.8 

11.3 

6.9 

6 . 3 

7.8 

7.5 

10.4 

2.6 

1.8 

2.1 

4,2 

3,4 

3.9 

2 . 2 

2.0 

2.8 

1.3 

1.0 

1.5 

63 . 7 

65.9 

93.4 

54.4 

58.5 

82.7 

9.3 

7.4 

10.7 

95.1 

88.5 

120.4 

organi  c 

: waste  production. 

2/  90  percent  removal  of  municipal  organic  waste  production. 


Table  31  - Projected  Industrial  Organic  Waste  Discharges, 

Subregion  1 


Industrial  Category 

1980  1/ 

2000  2/ 

(1,000's  P.E.) 

Pulp  and  Paper 

114.4 

94.0 

106.1 

Lumber  and  Wood  Products 

2.0 

1.2 

1.2 

Food  Processing 

2.4 

2.3 

3.2 

Other 

- 

- 

- 

Total  Subregion 

118.8 

97.5 

110.5 

1/  85%  removal  of  industrial  organic  waste  production. 
2/  90%  removal  of  industrial  organic  waste  production. 
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Treatment  Costs 
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Curves  showing  estimated  costs  of  constructing  (total  capi- 
tal) and  operating  (annual  operation  and  maintenance)  municipal 
sewage  treatment  plants  for  various  treatment  levels  are  presented 
in  the  "Means  to  Satisfy  Demands"  section  of  the  "Regional  Summary." 


Other  Pollution  Control  Practices 


Some  of  the  water  quality  problems  of  the  Clark  Fork- 
Kootenai-Spokane  Subregion  are  beyond  the  reach  of  conventional 
waste  treatment  and  flow  regulation.  Remedies  for  these  pollutants 
are  not  as  clear-cut  but  are  just  as  important  in  maintaining 
water  quality. 

Rural  wastes  will  be  of  major  significance  in  a number  of 
areas.  The  disposal  of  rural  wastes  to  septic  tanks  and  drain 
fields  will  continue  to  represent  a possible  hazard  to  the  ground- 
water  aquifer  of  the  Spokane  area,  as  well  as  a number  of  other 
more  localized  areas  throughout  the  subregion.  In  the  lake  areas, 
particularly  the  Spokane  area,  and  Coeur  drAlens,  Priest,  Pend 
Oreille,  and  Flathead  Lakes,  it  may  become  necessary  to  intercept 
wastes  from  summer  home  developments  and  collect  sewage  from 
houseboats  for  disposal  to  an  approved  central  sewage  treatment 
facility. 

Practices  to  minimize  land  runoff  of  sediments,  nutrients, 
and  commercial  toxicants  are  essential  for  maintenance  of  water 
quality  in  the  Clark  Fork-Kootenai-Spokane  Subregion.  Land 
management  practices  by  agricultural  interests  in  the  Bitterroot, 
Clark  Fork,  Flathead,  and  Spokane  Valleys  must  reflect  the  need 
for  protection  against  soil  erosion.  Soil  stabilizing  practices 
presently  promoted  for  agriculture  should  be  extended  to  include 
logging  practices,  construction,  channel  improvements,  and  other 
practices  that  bear  upon  deposition  of  soil  in  water  bodies. 

Logging  operations  and  road  construction  will  likely  be  the 
largest  sources  of  damaging  localized  sediments  if  proper  manage- 
ment practices  are  not  instituted.  However,  new  logging  tech- 
niques will  reduce  erosion,  so  more  intensive  operations  in  the 
future  are  likely  to  leave  less  sedimentation.  Watershed  manage- 
ment is  more  important  than  ever  before.  Control  of  fertilizers 
and  commercial  toxicants  through  development  of  optimal  applica- 
tion practices  and  careful  controls  is  essential,  in  view  of  the 
increasing  intensity  of  use  of  these  materials. 

Mining  and  milling  are  perhaps  the  largest  controllable 
cause  of  sediments.  Mining  is  prevalent  in  Idaho  and  Montana, 
and  water  quality  in  numerous  streams  suffers  from  severe  turbidity 
from  mining  operations.  The  most  obvious  and  serious  of  these 
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is  the  South  Fork  of  the  Coeur  d'Alene  River.  Other  mining 
operations,  including  gravel  removing  and  washing,  create  local- 
ized problems  of  turbidity  and  sedimentation.  Another  problem 
associated  with  mining  is  the  concentration  of  heavy  metals  in 
mine  washings,  and  these  are  extremely  toxic  to  all  forms  of  life. 
Seepage  from  old  ponds  and  tailings  is  a continuous  problem  and 
will  remain  for  years  after  a mine  has  been  closed. 

The  large  animal  population  in  the  subregion  represents  a 
potential  source  of  organic  wastes  larger  than  all  other  waste 
sources  combined.  Fences  and  simple  retaining  structures  between 
the  animal  habitat  and  watercourses  should  be  provided  in  order 
to  prevent  bank  erosion  and  to  limit  direct  surface  drainage  so 
that  wastes  may  decompose  through  soil  processes.  At  some  places 
it  may  be  preferable  to  collect  the  waste  from  cattle-holding 
facilities  for  treatment  or  distribution  to  the  land  as  a 
fertilizer. 

Recreation  areas  will  be  increasing  in  numbers,  size,  and 
intensity  throughout  the  subregion.  Sewage  disposal  systems 
adequate  to  cope  with  weekend  loads  from  use  by  thousands  will 
be  needed  in  many  recreation  areas.  Facilities  for  collection 
and  pickup  of  litter  and  garbage  must  also  be  made  available, 
since  these  may  add  to  the  waterborne  debris  load.  Restrictions 
on  motorboats  on  heavily  used  lakes  may  be  necessary  to  keep  oil 
and  gas  pollution  at  a minimum. 

Future  power  demands  and  means  of  satisfying  these  demands 
are  shown  in  the  Power  Appendix.  These  demands  indicate  the 
possibility  that  thermal  powerplants  may  be  constructed  in  the 
northwestern  Montana  area  (1).  An  example  site  was  chosen  on  the 
Clark  Fork  River,  which  is  also  representative  of  other  locations 
on  the  Clark  Fork  and  Kootenai  Rivers.  Excess  heat  will  not  be 
discharged  to  these  rivers. 

Thermal  powerplants  will  be  required  to  cool  waste  water 
before  discharge  into  surface  streams,  and  once-through  cooling 
will  be  no  longer  permitted.  Other  problems  at  thermal  power- 
plants  stem  from  salt  concentrations  and  corrosion  inhibitors 
present  in  blowdown  wastes.  These  can  be  controlled  through  use 
of  deionized  water. 


Minimum  Flow  Requirements 

Since  waste  treatment  does  not  provide  an  economic  solu- 
tion for  complete  removal  of  contaminants  from  waste  waters  and 
waste  discharges  from  non-point  sources,  a certain  amount  of 
streamflow  is  necessary  for  dilution  and  assimilation  of  residual 
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wastes.  The  minimum  flow  requirement  for  assimilation  of  wastes 
is  related  to  a number  of  factors,  including  the  strength  and 
deoxygenation  capacity  of  the  wastes;  and  the  temperature, 
reaeration  capacity,  elevation,  and  minimum  allowable  D.O.  for 
the  stream. 

A set  of  generalized  curves  showing  minimum  flow  require- 
ments for  raw  waste  loadings  subjected  to  various  treatment 
levels  is  presented  in  figures  9 and  10  for  several  D.O.  objec- 
tives, elevations,  and  self-purification  factors  (a  combined 
characteristic  of  the  waste  and  stream).  Figure  11  shows 
generalized  areas  to  which  particular  graphs  are  applicable. 

These  figures  give  only  approximate  requirements  for  small  to 
middle-sized  communities  with  a normal  mix  of  municipal  and 
industrial  wastes. 

From  a brief  examination  of  the  above-mentioned  graphs, 
it  was  found  that  Ashley  Creek  at  Kalispell,  Montana,  is  the 
only  area  in  the  subregion  in  which  existing  streamflows  do  not 
seem  to  be  sufficient  to  assimilate  projected  wastes  after 
treatment . 

Streamflow  requirements  for  waste  assimilation  below  the 
; Spokane,  Missoula,  and  Butte-Anaconda  service  areas  have  also 

been  developed.  The  dissolved  oxygen  objectives  and  character- 
istics of  the  stream  receiving  wastes  are  included  in  each  of 
the  graphs  for  the  service  areas. 

Butte-Anaconda  Service  Area 

The  population  of  the  Butte-Anaconda  Service  Area  is 
projected  to  decrease  steadily  from  61,700  in  1965  to  approxi- 
' mately  51,000  in  2020.  The  major  industrial  waste  material 

will  continue  to  be  inorganic  sediments  and  heavy  metals  such 
as  zinc  and  copper  from  primary  metals  operations. 

Figure  12  shows  the  minimum  streamflow  requirements  for 
1980,  2000,  and  2020  for  assimilation  of  organic  wastes.  However, 
if  present  treatment  practices  by  the  primary  metals  industry 
do  not  change  dramatically,  this  flow  will  be  meaningless,  since 
the  heavy  metal  wastes  will  render  the  streams  sterile  of  any 
aquatic  biota. 
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FIGURE  10.  Minimum  Flow  Needs  to  Maintain  Idaho  and  Washington 
Dissolved  Oxygen  Standards  Criteria 
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FIGURE  12.  Minimum  Flow  Needs  for  Water  Quality  Control-- 
Butte-Anaconda  Service  Area 


Missoula  Service  Area 

The  population  of  the  Missoula  Service  Area  is  expected 
to  increase  from  46,600  in  1965  to  82,900  in  2020.  The  pulp  and 
paper  industry  will  represent  the  major  waste  source,  with  an 
estimated  raw  waste  production  of  318,000  PE  in  1980  through  2020. 

Figure  13  presents  the  minimum  streamflow  requirements  for 
the  projection  period.  The  minimum  required  flow  of  315  cfs  in 
1980  is  well  below  the  one-in-ten-year  mean  monthly  low  flow  of 
710  cfs;  therefore,  no  water  quality  problems  are  anticipated. 
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Spokane  Service  Area 

The  population  of  the  Spokane  Service  Area  is  expected  to 
decrease  from  353,400  in  1965  to  340,000  in  1980;  increase  to 
493,000  in  2000,  and  to  661,400  in  2020.  The  pulp  and  paper 
industry  will  represent  the  major  waste  source,  with  an  estimated 
raw  waste  production  of  245,000  PE  in  1980;  277,000  PE  in  2000; 
and  368,000  PE  in  2020. 
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FIGURE  13.  Minimum  Flow  Needs  for  Water  Quality  Control-- 
Clark  Fork  River  at  Missoula 


Figure  14  presents  the  minimum  streamflow  requirements  for 
given  levels  of  treatment  of  the  combined  municipal  and  pulp  mill 
wastes  for  the  projection  period.  The  duration  curves  presented 
in  the  Water  Resources  Appendix  indicate  that  the  required  stream- 
flow  in  2020  of  2,950  cfs  at  the  90  percent  level  of  treatment 
will  not  be  met  for  approximately  44  percent  of  the  time,  and  at 
the  95  percent  level  of  treatment  the  minimum  flow  of  1,500  cfs 
will  be  deficient  about  5 percent  of  the  time.  Because  of  the 
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historical  deficient  streamflows,  low  D.O.' s,  and  the  algal  blooms 
in  Long  Lake,  it  is  apparent  that  higher  degrees  of  treatment  are 
necessary  to  remove  the  maximum  amount  of  organics  and  nutrients 
from  the  waste  streams  before  discharge  into  the  Spokane  River. 

Temperature  and  dissolved  oxygen  concentrations  below  Long 
Lake  can  be  controlled  with  multi-level  releases  and  are  not 
dependent  entirely  on  streamflows. 


Other  Minimum  Flow  Requirements 


Expansion  of  the  pulp  and  paper  and  the  primary  metals 
industries  will  produce  a need  for  additional  minimum  flow  require- 
ments in  the  subregion. 


There  are  several  sites  in  Montana  that  could  support  a new 
pulp  mill.  The  most  likely  sites  appear  to  be  in  the  Plains  area 
along  the  Clark  Fork  River,  the  Columbia  Falls  area  on  the  Flathead 
River,  and  the  Libby  area  near  the  Kootenai  River.  The  raw  waste 
production  with  chemical  recovery  is  expected  to  be  200,000  PE  in 
1980;  345,000  PE  in  2000;  and  375,000  PE  in  2020.  Figure  15  shows 
the  minimum  streamflow  requirements  for  1980,  2000,  and  2020 
for  assimilation  of  the  organic  wastes.  The  three  rivers  all  have 
the  needed  minimum  flows.  It  should  be  noted  that  the  curves  pre- 
sented are  based  on  the  oxygen  requirements  only,  and  the  waste 
water  from  pulp  mills  contairs  many  materials  that  are  toxic  to  the 
stream  biota.  The  waste  can  also  result  in  aesthetically  objection- 
able conditions. 


Exploration  work  is  being  conducted  on  the  mineral  deposits 
located  in  the  upper  reaches  of  the  Blackfoot  and  Bull  Rivers. 

The  primary  metals  industry  is  currently  considering  sites  for 
future  plants  in  these  locations.  The  nature  of  the  waste  dis- 
charges has  not  yet  been  determined. 


Management  Practices 


The  capacity  to  control  the  water  resources  of  the  Clark 
Fork- Kootenai-Spokane  Subregion  is  another  important  factor  in 
preserving  water  quality  of  streams.  While  flows  are  generally 
adequate  to  assimilate  waste  discharged  to  the  stream,  both  now 
and  in  the  future,  a dependable  flow  must  be  guaranteed.  A number 
of  major  dams  are  being  planned,  including  Libby  Dam,  which  is 
presently  under  construction.  These  could  have  a significant 
effect  on  the  flow  regimen  of  major  streams  by  providing  storage 
necessary  to  meet  minimum  flows.  Water  quality  must  necessarily 
be  considered  in  the  operation  of  new  reservoirs  or  in  changes 
made  in  present  operating  procedures. 
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UPPER  COLUMBIA 


INTRODUCTION 

Subregion  2 is  in  north-central  Washington  and  contains 
22,451  square  miles.  It  is  composed  of  the  areas  draining  into 
the  Columbia  River  above  Pasco,  except  those  drained  by  the  Yakima 
and  Spokane  Rivers.  The  Canadian  line  is  the  northern  boundary, 
positioned  across  several  north-south  trending  mountain  ranges 
which  make  up  the  Okanogan  Highlands.  To  the  west  is  the  Cascade 
Range,  rising  to  elevations  of  nearly  10,000  feet.  In  the  central 
and  southern  portions  of  the  subregion  are  the  Channelled  Scab- 
lands,  an  area  of  scoured  canyons  caused  by  a sudden  outbreak  of 
glacial  melt-water  during  the  ice  age.  The  southeast  corner 
borders  on  the  Palouse  Hills. 

Climatic  conditions  are  variable.  Summers  in  the  southern 
areas  are  relatively  hot,  with  temperatures  of  90°  to  100°F. 

(32°  to  38°C.)  common.  The  highlands  of  the  northern  and  western 
sections  are  generally  somewhat  cooler.  Winters,  sometimes  under 
the  influence  of  extensive  arctic  airmasses,  are  cold,  with 
readings  to  -40°F.  (-40°C.)  having  been  recorded.  In  the  Cascade 
Range,  precipitation  totals  over  80  inches,  with  annual  snow 
cover  of  over  100  inches  being  common.  Both  snow  and  total  pre- 
cipitation decrease  eastward  and  southward,  to  a low  of  less  than 
10  inches  of  annual  precipitation  in  the  Channelled  Scablands. 

The  major  employment  is  related  to  agriculture.  There  are 
a limited  number  of  canning,  freezing,  and  dairy  processing 
plants;  an  aluminum  plant;  and  several  primary  metals  and  mining 
operations.  Recreation  is  an  important  economic  activity  that 
will  probably  become  increasingly  significant. 

The  subregional  population  in  1965  was  about  250,200  per- 
sons. Four  major  urban  areas  contain  about  27  percent  of  the 
people.  In  addition,  small  towns  and  villages  are  scattered 
throughout  the  southern  sections.  Communities  are  not  as  numer- 
ous in  the  north. 
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PRESENT  STATUS 

Municipalities  and  industries  are  the  largest  sources  of 
organic  wastes  in  the  Upper  Columbia  Subregion.  A graphical  sum- 
mary of  the  municipal  and  industrial  waste  production  and  discharge 
is  presented  in  figure  16.  The  food-processing  industry  is 
responsible  for  most  of  the  industrial  waste  production.  The 
Hanford  Atomic  Works  is  an  important  source  of  radiological  and 
thermal  wastes.  Irrigation  practices  in  the  Columbia  Basin 
Project  (CBP)  area  have  an  important  effect  on  water  quality  of 
small  streams  and  ground  water. 

The  quality  of  the  waters  of  the  Upper  Columbia  Subregion 
is  generally  adequate  for  all  uses.  However,  localized  problems 
do  occur.  These  includq  high  summertime  temperatures  in  the 
Columbia  fiver  and  several  tributaries;  ground-water  contamina- 
tion in  certain  areas  of  the  Columbia  Basin  Project;  lake  and 
stream  enrichment  problems,  which  include  Moses  Lake;  and  total 
coliform  organisms  in  excess  of  criteria  in  localized  areas 
including  the  Lower  Okanogan,  Colville,  and  Entiat  Rivers. 


Stream  Characteristics 


The  principal  tributaries  of  the  Columbia  River  in  the 
Upper  Columbia  Subregion  are  the  Kettle,  Similkameen,  Okanogan, 
Methow,  Colville,  Chelan,  Sanpoil,  Nespelem,  and  Wenatchee  Rivers 
and  Crab  Creek.  The  Spokane  River  is  also  a major  tributary,  but 
is  considered  in  the  discussion  of  Subregion  1.  The  Similkameen, 
Methow,  Che i an,  and  Wenatchee  Rivers  drain  from  the  Cascade 
Range.  The  Kettle  and  Okanogan  Rivers  originate  within  Canada. 
The  Colville  River  originates  in  the  Selkirk  Mountains,  and  the 
Sanpoil  and  Nespelem  Rivers  originate  in  the  interior  mountains 
of  northern  Washington.  Crab  Creek  provides  the  major  surface 
drainage  from  the  Columbia  Plateau  area. 

Discharge  of  the  Columbia  River  far  exceeds  that  of  any 
other  stream  in  the  subregion.  Although  its  regimen  is  affected 
somewhat  by  the  subregional  runoff  pattern,  flows  are  principally 
derived  from  drainage  in  Canada  and  the  Clark  Fork-Kootenai- 
Spokane  Subregion.  The  average  annual  inflow  to  the  subregion 
from  the  Columbia  River  at  the  International  Boundary  is  95,800 
cfs  as  compared  with  the  average  outflow  of  114,100  cfs  at  Priest 
Rapids  Dam,  which  is  located  below  most  major  tributaries. 
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The  discharge  pattern  for  the  Upper  Columbia  Subregion  is 
i characterized  by  minimum  flows  during  the  fall  and  winter.  Peak 


flows  of  most  streams  occur  between  April  and  July.  Maximum  flow 
in  the  Columbia  is  generally  in  late  May  or  June.  Table  32  sum- 
marizes monthly  discharge  data  for  selected  stations. 

From  the  standpoint  of  waste  discharge  control,  the  low- 
flow  months  of  August  and  September  are  the  most  critical.  One- 
in-ten-year  low  flows  are  used  as  a basis  for  establishing  critical 
low  flows.  These  data  for  selected  stations  are  presented  in 
table  33. 


TabU-  - Mean  Monthly  Stream  Dls<  lurne , Subregion  2 (12) 


St  ream 

Location  Jan.  Feb.  March  April  May 

Columbia  River 

at  Int ‘ 1 Boundary  97,100  89.400  67,400  84,500  126,000 

Kettle  River 

near  Laurler,  Wash.  526  S44  H9-  5,294  12,362 

C.-lville  River  at 

Kettle  Falls,  Wash.  197  257  466  881  698 

Columbia  Rivet 

at  Grand  Coulee  0am  106,400  125,300  102.700  111,800  131,200 

Okanogan  River  at 

Okanogan  Falls,  B.C.  442  416  441  527  734 

Slmi Ikamern  River 

near  Night  hawk,  Wash.  560  616  657  2,227  8,442 

Okanogan  River 

near  Toaanket,  Wash.  1,151  1,210  1,249  2.840  9,069 

Mcthov  River 

at  rvup,  Wash.  306  326  436  1.687  5,188 

Chelan  River 

at  Chelan,  Wash.  1,719  1,611  1,262  1,094  1,903 

Wenatchee  River 

at  Peshaatln,  Wash.  1,277  1.301  1,577  i.818  8.53J 

Crab  Creek 

it  Irby,  Wash . 112  316  308  155  63 

Columbia  River 

below  Priest 

Rapids  0am  113,200  132,100  108.600  119,000  147,900 


l'JN) 

June  July  Aug.  Sent . Oct.  Nov.  Dec . Mean 

145,400  19,700  103,000  80.000  77,900  71,800  86,400  95,800 

8,518  2,567  800  661  688  77s  660  ..852 

343  149  82  85  111  146  175  299 

120,700  116,400  94,100  85,000  81,700  77,100  94,700  103.900 

768  719  589  516  482  475  480  549 

8,208  2.817  907  596  221  913  761  2,286 

9,217  3.491  1,329  1.0J7  1,257  1,512  1,394  2,89s 

4,874  1,691  470  292  382  472  387  i,j76 

3.746  3,260  2,027  1.964  1,854  1,805  1,788  2.003 

8.482  4,428  1,387  752  1,167  1,727  1,668  3,010 

65  31  22  15  13  14  36  95 

147,200  132,800  102,400  91,800  87,800  8s , 700  101,700  114,100 


Table  33  - One-in-Ten-Year  Low  Flows,  Subregion  2 1/  (12) 

One-in-Ten-Yea,r 


' Stream  and  Location  Low  Flow 

(cfs) 

Columbia  River  at  International  Boundary  42,000 

Kettle  River  near  Laurier,  Washington  170 

Colville  River  at  Kettle  Falls,  Washington  270 

Columbia  River  at  Grand  Coulee  Dam  54,000 

Okanogan  River  at  Okanogan  Falls,  B.C.  35 

Similkameen  River  near  Nighthawk,  Washington  260 

Okanogan  River  at  Tonasket,  Washington  370 

Methow  River  at  Twisp,  Washington  180 

Chelan  River  at  Chelan,  Washington  120 

Wenatchee  River  at  Peshastin,  Washington  390 

Crab  Creek  at  Irby,  Washington  6 

Columbia  River  below  Priest  Rapids  Dam  65,000 


1/  Period  of  1 month. 


Impoundments  and  Stream  Regulation 

Impoundments  on  the  upper  Columbia  River  include 
Franklin  D.  Roosevelt  Lake,  Rufus  Wood  Lake,  Wells,  Entiat  Lake, 
Rock  Island,  Wanapum,  and  Priest  Rapids.  Most  of  these  dams  are 
principally  for  hydroelectric  power  production,  although 
Franklin  D.  Roosevelt  Lake  provides  flood  control  and  irrigation; 
and  Wanapum  and  Priest  Rapids  provide  flood  control  and  recreation. 
Major  reservoirs  on  tributaries  are  Lake  Chelan  on  the  Chelan 
River  and  Potholes  Reservoir  on  Crab  Creek.  No  storage  is  author- 
ized for  water  quality  control,  but  incidental  benefits  result 
from  releases  for  other  purposes. 

The  series  of  impoundments  on  the  Columbia  River  has  an 
important  effect  on  the  water  temperature  regimen.  Franklin  D. 
Roosevelt  Lake  exercises  the  most  significant  influence  on  stream 
temperature.  Regulation  by  this  reservoir  has  tended  to  lower 
temperatures  during  summer  and  raise  them  during  fall.  The 
relatively  shallow  reservoirs  located  downstream  from  Grand  Coulee 
Dam  (forms  Franklin  D.  Roosevelt  Lake)  tend  to  raise  water 
temperature  during  the  summer  months  and  lower  them  during  the 
fall  months.  Maximum  temperature  increases  will  generally  occur 
during  August.  The  impoundments  cause  little  water  temperature 
changes  in  September  or  October.  Studies  have  shown  that  if 
releases  from  Franklin  D.  Roosevelt  Lake  are  from  the  upper  or 
intermediate  layers,  it  is  probable  that  the  average  August 
temperature  at  Priest  Rapids  will  exceed  hv  about  2.5°F.  (1.4°C.) 
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the  temperatures  which  existed  prior  to  the  impoundments.  However, 
several  times  in  recent  years  the  release  of  water  from  bottom 
layers  of  Franklin  D.  Roosevelt  Lake  to  supply  cooling  water 
requirements  of  the  Hanford  operation,  has  resulted  in  a reduc- 
tion in  summer  stream  temperatures  at  Priest  Rapids.  It  is 
reported  that  temperature  reductions  at  Richland  in  the  order  of 
4°F.  (2.2°C.)  have  been  accomplished  by  selective  withdrawals  from 
Franklin  D.  Roosevelt  Lake. 


Ground-Water  Characteristics 

There  are  two  major  aquifer  units  in  the  Upper  Columbia 
Subregion  capable  of  yielding  large  supplies  of  water  to  wells. 

Alluvial  and  glacial  deposits  are  most  important  north  and  north- 
west of  the  Columbia  River;  basalt  of  the  Columbia  River  group  is 
the  most  important  south  of  the  Columbia  River. 

The  most  abundant  supply  of  ground  water  is  available  in 
the  southern  Columbia  Plateau  area.  Seepage  from  the  irrigation 
projects  has  greatly  increased  the  amount  of  ground  water  in 
this  area,  and  there  are  now  several  areas  where  the  ground-water 
table  is  within  30  feet  of  the  surface.  Yields  of  over  S00  gpm 
are  commonplace  from  this  aquifer.  The  ground-water  yields  are 
smaller  in  the  remainder  of  the  area  south  of  the  Columbia  and 
Spokane  Rivers,  but  are  generally  greater  than  50  gpm.  Yields 
over  500  gpm  are  also  available  along  the  Okanogan  River  Valley 
and  along  the  main  stem  of  the  Columbia  below  Grand  Coulee  Dam. 

With  the  exception  of  yields  from  50  to  500  gpm  available  along 
other  river  valleys,  the  ground-water  yields  are  generally  less 
than  50  gpm  in  the  remainder  of  the  subregion. 

Ground-water  quality  is  generally  excellent  in  most  areas. 

In  the  alluvial  and  glacial  deposit  aquifer  units,  the  dissolved 
solids  generally  range  from  200  to  500  mg/1;  and  the  water  is 

generally  free  of  any  troublesome  trace  elements  or  constituents.  j 

In  the  Columbia  River  basalt,  ground-water  quality  is  also  gener- 
ally adequate.  However,  the  Moses  Lake-Potholes  area  and  the 

Mesa-Eltopia  area  in  the  Columbia  Plateau  show  serious  water  ! 

quality  problems.  Dissolved  solids  concentrations  of  1,250  mg/1 
and  nitrate-nitrogen  concentrations  of  180  mg/1  have  been  reported. 

A more  detailed  discussion  of  ground  water  in  Subregion  2 
is  presented  in  Appendix  V. 
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The  municipal  and  industrial  waste  loadings  and  discharges 
in  population  equivalents,  in  the  Upper  Columbia  Subregion  are 
summarized  in  table  34. 


tc  I rc.it  n,  ; , Subri. 


At  present,  municipalities  and  industries  produce  wastes 
equivalent  to  those  from  a population  of  2.04  million  persons. 
Of  this  total,  91.6  percent  is  generated  by  the  food-processinr 
industry,  7.9  percent  by  municipalities,  and  0.5  percent  by  the 
lumber  and  wood  products  industry. 


Waste  treatment  and  other  means  of  waste  reduction  decrease 
the  total  organic  load  to  the  subregion's  waters  by  about  97  per- 
cent so  that  only  68,500  population  equivalents  actually  reach 
waterways.  Of  this  total,  49,035  PE  are  released  by  municipali- 
ties, and  19,500  PL  are  discharged  by  industries. 


The  Hanford  Atomic  Works  is  an  important  source  of  radio 
logical  wastes  and  thermal  pollution.  lhe  radionuclides  dis- 
charged pose  a possible  health  hazard,  and  the  heat  releases 
increase  water  temperatures  which  hinder  anadromous  fish  migra- 
tion and  inhibit  spawning. 


Other  sources  of  pollution 
domestic  population,  irrigation, 
recreation,  and  natural  sources. 


Municipalities 


Approximately  134,940  persons,  or  54  percent  of  the  Upper 
Columbia  Subregion  population , are  served  by  municipal  waste 
treatment  facilities.  Of  the  45  municipal  waste  systems,  19 
presently  have  secondary  treatment;  however,  at  least  two  of 
these  facilities  need  expansion  to  handle  current  loads.  Five  of 
the  six  primary  treatment  plants  must  be  upgraded  to  secondary 
treatment  to  meet  minimum  requirements  of  the  Washington  Water 
Pollution  Control  Commission.  Only  one  of  the  15  lagoons  dis- 
charges wastes  to  streams.  The  remainder  of  the  lagoons  are  of 
the  non-overflow  type.  Five  communities  provide  septic  tanks, 
and  three  of  these  discharge  to  land  or  non-overflow  lagoons. 

The  other  two  communities  must  convert  to  secondary  treatment 
or  the  equivalent  to  meet  minimum  standards  of  the  Washington 
Water  Pollution  Control  Commission. 

In  general,  municipal  waste  treatment  practices  are  ade- 
quate. An  average  reduction  of  about  70  percent  of  the  biochemical 
oxygen-demanding  wastes  is  accomplished,  resulting  in  a discharge 
of  49,035  PE  to  waterways.  The  municipal  waste  loadings  are 
usually  small  and  scattered  throughout  the  subregion.  Signifi- 
cant waste  releases  occur  only  in  the  Tri -Cities,  Wenatchee, 

Moses  Lake,  and  Okanogan-Omak  areas.  Of  these,  the  Tri-Cities 
and  Wenatchee  areas  account  for  42  and  11  percent  of  the  total 
municipal  waste  loading. 

With  the  present  level  of  waste  treatment,  few  cases  of 
serious  water  degradation  have  resulted  from  municipal  sources, 
since  there  are  generally  adequate  quantities  of  water  available 
to  assimilate  wastes  released  in  most  areas.  Even  in  the  Tri- 
Cities  area,  where  about  30,000  PE  are  discharged  from  the  primary 
plants  at  Kennewick  and  Pasco  and  the  secondary  facility  at 
Richland,  there  is  no  measurable  effect  on  the  Columbia  River. 

The  only  basins  which  could  have  a shortage  of  water  for  assimilat- 
ing wastes  are  the  Okanogan,  Colville,  and  Crab  Creek.  However, 
the  practices  of  secondary  treatment  in  the  Okanogan  Basin  and 
of  non-overflow  lagoons  and  land  disposal  in  the  Colville  and 
Crab  Creek  Basins  tend  to  minimize  water  quality  problems. 

Industries 

Industrial  waste  treatment  practices  in  the  Upper  Columbia 
Subregion  are  generally  excellent.  An  average  reduction  of  99 
percent  of  the  biochemical  oxygen-demanding  waste  load  is  accom- 
plished. The  organic  industrial  waste  production,  equivalent  to 
that  From  a population  of  1.88  million  persons,  is  primarily  from 
the  food  products  industry  concentrated  in  the  Columbia  Basin 


Project  (CBP)  area.  About  99  percent  of  the  total  industrial 
waste  produced  originates  in  this  area.  Only  about  17,800  PE  are 
released  to  waterways  by  the  food  products  industry.  In  addition, 
the  wood  and  lumber  products  industry  contributes  minor  organic 
waste  loadings,  and  the  primary  metals  industry  is  a source  of 
inorganic  wastes. 

The  seasonal  operation  of  the  food  products  plants  causes 
variability  in  volume  and  strength  of  wastes.  The  plants  are 
generally  in  peak  operation  from  June  through  March.  Non-overflow 
lagoons  or  primary  settling  followed  by  land  application  of  the 
effluent  by  various  methods  of  irrigation  are  the  principal  means 
of  waste  disposal.  Localized  odor  problems  associated  with  lagoons 
for  starch,  sugar,  and  potato  wastes  have  been  reported.  In  the 
Wenatchee  area,  about  12,500  PE  are  released  to  the  Columbia  River 
by  the  food  products  industry.  In  addition,  organic  waste  loadings 
of  3,800  and  1,000  PE  are  discharged  to  the  Wenatchee  and  Okanogan 
Rivers,  respectively,  by  a number  of  apple  packers  and  processors. 

The  lumber  and  wood  products  industry  is  a relatively  minor 
waste  source.  An  organic  loading  of  only  about  1,700  PE  is  dis- 
charged to  streams.  However,  inorganic  waste  discharges  can  cause 
aesthetic  problems  and  nuisance  conditions.  A lumber  company  at 
Oroville,  which  releases  an  organic  loading  of  1,000  PE  to  the 
Similkameen  River,  and  a lumber  company  at  Brewster  must  instrll 
primary  treatment  to  satisfy  Washington  Water  Quality  Standards. 
Organic  waste  loading  discharged  to  the  Columbia  River  by  a 
fiber  company  at  Wenatchee  amounts  to  a population  equivalent  of 
100.  The  Washington  Water  Quality  Standards  Enforcement  Program 
lists  this  plant  as  in  need  of  improved  operation  and  outfall 
extension. 

Little  data  are  available  as  to  the  nature  of  effluents 
* from  primary  metals  operations.  However,  the  mining  industry 

, is  not  considered  to  be  a major  water  pollution  source.  An 

k ' aluminum  company  near  Wenatchee  presently  provides  primary  treat- 

ment of  industrial  wastes.  The  Washington  Water  Quality  Standards 
require  that  the  company  expand  present  facilities  and  upgrade 
to  secondary  treatment  or  the  equivalent. 

Rural- Domestic 

Approximately  115,300  persons,  or  46  percent  of  the  sub- 
region  population,  are  served  by  individual  waste  disposal  systems. 
In  general,  septic  tanks  and  some  type  of  subsurface  drainage 
arc  used  for  waste  disposal. 
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The  actual  waste  load  reaching  waterways  from  rural-domestic 
sources  is  not  considered  to  be  large.  However,  rural-domestic 
wastes  are  presently  discharged  to  several  lakes  and  reservoirs  in 
the  subregion,  including  Lake  Chelan  and  Wenatchee  Lake.  These 
lakes  are  used  extensively  as  recreational  areas,  with  private 
resorts  and  homes  concentrated  in  the  area.  Septic  tank  drainages 
and  other  domestic  discharges  to  the  lakes  tend  to  supply  nutrients 
which  stimulate  algal  growths.  In  addition,  numerous  septic  tank 
effluents  drain  directly  into  the  Okanogan  and  Colville  Rivers. 


Irrigation 

Irrigation  practices  are  a significant  source  of  pollution 
in  two  areas  of  the  subregion--the  Columbia  Basin  Project  (CBP) 
area  and  che  Okanogan  Valley.  The  irrigation  return  flows  from 
the  CBP  have  not  had  a significant  effect  on  the  chemical  quality 
of  the  Columbia  River  but  have  been  a primary  influence  on  water 
quality  within  the  CBP  area.  Within  the  area,  as  return  flows 
accumulate  and  enter  the  stream  system,  there  is  a marked  increase 
in  total  solids,  nutrients,  coliform  bacteria,  and  temperature. 
Irrigation  return  flows  also  contribute  to  the  heavy  algal  growths 
in  Moses  Lake  by  supplying  nutrients.  There  are  also  a number  of 
other  nutrient  sources  entering  the  lake,  so  that  the  nutrient 
contribution  by  return  flows  is  not  readily  identifiable.  Irriga- 
tion return  flows  have  also  raised  ground-water  levels  in  some 
areas  and  have  contributed  to  changes  in  ground-water  quality. 

The  effect  of  irrigation  on  the  ground-water  quality  is  variable, 
but  in  most  places  where,  prior  to  irrigation,  the  water  was  not 
highly  mineralized  and  where  the  water  table  has  shown  a signifi- 
cant variation,  quality  has  deteriorated.  Samples  showing  total 
dissolved  solids  ranging  between  500  and  1,250  mg/1;  and  nitrate- 
nitrogen  concentrations  up  to  180  mg/1  have  been  reported;  however, 
it  should  be  noted  that  some  wells  exhibited  high  dissolved  solids 
and  nitrate-nitrogen  concentrations  even  before  irrigation  started. 
The  higher  values  are  often  found  at  shallow  depths,  indicating 
the  effects  of  rising  ground-water  levels  as  a result  of  irriga- 
tion. 

Of  primary  concern  from  a health  standpoint  is  the  high 
nitrate  concentration  which  exceeds,  in  some  areas,  the  maximum 
concentration  of  10  mg/1  nitrate-nitrogen,  recommended  by  the  PHS 
Drinking  Water  Standards.  Nitrate-nitrogen  concentrations  above 
10  mg/1  can  cause  "blue  babies"  due  to  oxygen  starvation  of  the 
bloodstream. 


In  the  Okanogan  Valley,  irrigation  return  flows  from  Canada 
and  Washington  have  contributed  to  the  mineral  content  and  temper- 
ature of  the  Okanogan  River,  although  the  total  effect  from  these 
irrigation  return  flows  cannot  be  determined  from  available  data. 


Water  diversions  from  the  Okanogan  River  reduce  summertime  flows 
and  thereby  reduce  the  assimilative  capacity  and  tend  to  increase 
the  temperature  of  the  river. 

Agricultural  Animals 

Agricultural  animals  are  considered  to  be  a major  waste 
source  in  the  Upper  Columbia  Subregion,  although  the  impact  of 
animal  wastes  on  water  quality  is  difficult  to  determine.  The 
large  population  of  animals  produces  an  estimated  waste  produc- 
tion equivalent  to  that  from  a population  of  2.6  million  persons. 
An  estimated  95  percent  of  the  waste  production  is  removed  by 
soil  filtering  and  natural  decomposition  on  land,  so  that  about 
130,000  PE  eventually  reach  waterways. 

Generally  the  waste  loading  attributed  to  the  animal  popu- 
lation does  not  represent  a meaningful  figure  since  the  animal 
population  is  diffused  throughout  the  subregion.  However,  numer- 
ous feedlots  in  the  Columbia  Plateau  area  can  be  sources  of  con- 
centrated waste  loadings.  On  Crab  Creek,  coliform  counts  as  high 
as  230,000  organisms/100  ml  have  been  reported,  which  are  attribu- 
ted to  feedlot  and  pasture  runoff  since  there  are  no  municipal 
waste  discharges  to  Crab  Creek.  The  operation  of  a feedlot 
resulted  in  a fish  kill  in  Crab  Creek  during  December  1966. 

Potato  starch,  which  was  being  used  as  a food  supplement  for 
beef  cattle,  reached  the  stream  because  of  improper  management 
techniques.  The  stream  bottom  below  the  feedlot  was  covered  with 
slime,  and  the  water  was  turbid.  Approximately  2,000  game  and 
non-game  fish  were  killed  in  a 2-day  period. 

Other  Land  Uses 

Distinguishing  the  water  quality  impacts  of  human  use  of 
land  from  natural  occurrences  is  difficult;  but  in  a watershed 
like  the  Upper  Columbia,  where  extensive  use  of  land  for  agri- 
culture is  a major  facet  of  the  economy,  uncontrolled  land  drain- 
age constitutes  an  influence  on  water  quality  due  to  increases 
in  nitrates,  turbidity,  sedimentation,  and  persistent  toxic 
environmental  control  chemicals.  The  production  and  transport 
of  sediment  results  in  the  most  significant  water  quality  impair- 
ments resulting  from  land  use.  Generalized  sediment  yields 
range  between  0.02  and  1.5  acre-feet  per  square  mile  per  year, 
with  the  greatest  yield  from  dry  farmland  areas.  The  larger 
sediment  yields,  such  as  those  near  Douglas  Creek,  are  caused 
either  by  erosion  of  the  surface  soil  when  the  underlying  ground 
is  frozen  or  by  high-intensity  rainstorms  in  the  summer  months. 
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In  general,  streams  of  the  Upper  Columbia  Subregion  are 
relatively  free  of  pollution.  In  some  areas,  however,  water 
quality  has  deteriorated,  through  either  natural  or  man-made 
pollution;  and  this  deterioration  has  impaired  the  use  of  the 
stream.  The  waters  of  the  Upper  Columbia  are  generally  good  from 
the  standpoint  of  dissolved  oxygen,  color,  turbidity,  hardness, 
and  dissolved  solids.  Problems  do  occur  in  some  reaches  and 
seasons  with  respect  to  temperature,  radioactivity,  and  bacterial 
and  biological  contamination. 

The  Washington  Water  Pollution  Control  Commission  main- 
tains regular  water  quality  monitoring  programs  for  major  tribu- 
taries of  the  Columbia  River  and  for  the  Columbia  at  Northport 
and  below  Priest  Rapids  Dam.  In  addition,  FWQA  Water  Surveillance 
System  Stations  are  located  on  the  Columbia  at  Wenatchee  and 
Richland.  The  Washington  Water  Quality  Standards  tentatively 
propose  additional  water  quality  monitoring  stations  on  the 
Columbia  at  Hanford,  Brewster,  and  Bridgeport. 


Main  Stem  Columbia 

A summary  of  mean  and  extreme  values  for  important  water 
quality  parameters  for  selected  stations  in  the  subregion  is  pre- 
sented in  table  35. 

Mean  dissolved  oxygen  levels  in  all  reaches  of  the  Columbia 
River  from  Northport  to  Richland  average  above  10  mg/1.  The 
minimum  dissolved  oxygen  concentration  reported  has  been  6.8  mg/1 
at  Pasco.  The  Washington  Water  Quality  Standards  Enforcement 
Program  provides  that  no  wastes  be  discharged  into  the  Columbia 
River  which  would  cause  dissolved  oxygen  levels  to  fall  below  9.5 
mg/1  above  Grand  Coulee  Dam  or  8.0  mg/1  below  Grand  Coulee  Dam. 

At  nresent,  any  dissolved  oxygen  concentrations  below  the  State 
standards  can  be  attributed  to  natural  causes,  and  no  detrimentally 
low  DO  levels  have  occurred. 

Coliform  counts  in  the  form  of  MPN/100  ml  or  MF/100  ml  are 
used  as  a measure  of  bacterial  pollution  from  warm-blooded  animals 
and,  therefore,  as  an  indication  of  the  relative  safety  of  con- 
tact with,  or  ingestion  of,  water.  Quality  monitoring  stations 
at  Northport  and  below  Priest  Rapids  Dam  have  average  coliform 
counts  of  385  and  131/100  ml,  respectively.  Washington  Water 
Quality  Standards  require  that  total  coliform  organisms  shall 
not  exceed  median  values  of  50/100  ml  from  the  International 
Boundary  to  Grand  Coulee  Dam  and  shall  not  exceed  240/100  ml 
from  Grand  Coulee  Dam  to  the  Oregon-Kashington  boundary. 
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One  of  the  significant  water  quality  problems  in  the  Upper 
Columbia  Subregion  is  that  of  high  temperatures  in  segments  of  the 
main  stem  of  the  river  and  its  tributaries.  These  temperatures 
occur  as  a result  of  impoundments,  abnormally  low  flows,  warmed 
irrigation  return  flows,  and  heated  cooling  waters  from  the 
Hanford  Atomic  Works.  These  thermal  increases  in  the  aquatic 
environment  tend  to  decrease  the  natural  productivity  of  cold 
water  species  of  fish. 

Water  Quality  Standards  for  the  Columbia  River  from  the 
International  Boundary  to  Grand  Coulee  are  Class  AA,  and  are 
Class  A 7rom  Grand  Coulee  Dam  to  the  Oregon-Washington  boundary. 
Temperature  requirements  for  Class  AA  waters  are: 

"No  measurable  increases  shall  be  permitted 
within  the  waters  designated  which  result  in  water 
temperatures  exceeding  60°F  (FRESH  WATER)  nor  shall 
the  cumulative  total  of  all  such  increases  arising 
from  non-natural  causes  be  permitted  in  excess  of 
t = 75/(T-22)  (FRESH  WATER);  for  purposes  hereof 
't'  represents  the  permissive  increase  and  'T' 
represents  the  resulting  water  temperature."  (15) 

Temperature  requirements  for  Class  A waters  are: 

"No  measurable  increases  shall  be  permitted 
within  the  waters  designated  which  result  in  water 
temperatures  exceeding  65°F  (FRESH  WATER)  nor  shall 
the  cumulative  total  of  all  such  increases  arising 
from  non-natural  causes  be  permitted  in  excess  of 
t = 90/ (T- 19)  (FRESH  WATER);  for  purposes  hereof 
* t * represents  the  permissive  increase  and  'T' 
represents  the  resulting  water  temperature."  (15) 

Water  temperature  levels  are  compatible  with  Class  AA  and 
Class  A requirements  from  the  International  Boundary  to  within  a 
few  miles  of  the  headwaters  of  McNary  Pool.  The  sections  of  the 
Columbia  downstream  from  the  Hanford  Atomic  Works  are  influenced 
by  both  natural  and  non-natural  causes  which  result  in  tempera- 
ture rises  significantly  above  the  criteria  for  Class  A waters. 

The  water  temperature  levels  rise  to  70°F.  (21.1°C.)or  above  during 
the  summer  months.  Short-term  surveys  show  temperature  rises 
from  2°  to  5°F.  (1.1  to  2.8°C.)  in  the  vicinity  of  the  Hanford 
operation. 

A significant  change  in  water  quality  in  the  Upper  Columbia 
is  the  increase  in  radioactivity  due  to  the  discharge  of  radio- 
active wastes  from  the  Hanford  Atomic  Works.  Battel le-Northwest 
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and  AEC  continually  monitor  radioactivity  in  the  Columbia  River  at 
Priest  Rapids  Dam,  Richland,  McNary  Dam,  and  Bonneville  Dam.  The 
states  of  Oregon  and  Washington  and  the  FWPCA  also  provide  frequent 
sampling  of  radioactivity.  Table  36  summarizes  annual  average 
gross  beta  count  for  several  stations  on  the  Columbia  River. 

Table  37  presents  annual  average  concentrations  of  several  radio- 
nuclides at  Richland  and  Bonneville  Dam  in  1966.  Above  the  Hanford 
Works,  the  gross  beta  count  averages  only  11  picocuries/liter 
(pc/1),  while  it  averages  710  picocuries/liter  at  Pasco,  downstream 
from  Hanford  in  1964.  Since  November  1964,  the  maximum  gross 
beta  levels  have  not  exceeded  the  PHS  Drinking  Water  Standard  of 
1,000  picocuries/liter.  Gross  beta  activity  decreases  at  McNary 
and  Bonneville  Dams  as  a result  of  natural  radioactive  decay, 
removal  from  the  water  by  sedimentation,  and  uptake  by  aquatic 
organisms.  Radionuclides  of  particular  concern  in  the  Columbia 
River  are  zinc-65  and  phosphorus-32,  since  they  tend  to  concentrate 
in  the  food  chain  of  organisms  in  the  Columbia  River.  In  1966, 
concentrations  below  Hanford  averaged  200  and  140  pc/1,  respective- 
ly. Zinc-65  and  phosphorus-32  are  also  the  only  significant 
radionuclides  found  in  sufficient  abundance  for  measurement  beyond 
the  mouth  of  the  Columbia.  Oysters  in  the  Willapa  Bay  area  have 
been  found  to  contain  higher  concentrations  of  zinc-65  than  other 
common  seafood  organisms.  In  1966,  the  Federal  Water  Pollution 
Control  Administration  recommended  that  zinc-65  and  phosphorus-32 
wastes  be  reduced  by  at  least  50  percent. 

Table  36  - Annual  Average  Gross  Beta  Activity  in  the  Columbia  River 

Subregion  2 


1968 

1964 

Annual  Average 

Annual  Average 

Gross  Beta  Count 

Gross  Beta  Count 

Location 

pc/liter 

pc/liter 

Northport 

5.0  1/ 

10.8 

Wenatchee 

5.0  1/ 

11.9 

Pasco 

140.5 

710.0 

McNary 

47.0  1/ 

290.5 

Bonneville 

41.0  1/ 

250.2 

T7  Represents  one  sample. 


The  Columbia  River,  as  it  enters  the  United  States  from 
Canada,  is  a calcium-bicarbonate  type  water  which  has  an  average 
dissolved  solids  concentration  of  approximately  90  mg/1.  Samples 
collected  at  the  International  Boundary  since  1952  have  a dis- 
solved solids  range  of  71-158  mg/1.  The  water  is  moderately  hard, 
ranging  from  78  to  159  mg/1  hardness.  Concentrations  of  nutrients 
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and  trace  elements  in  the  Columbia  are  generally  low.  However, 
annual  average  phosphate  concentrations  at  Priest  Rapids  Dam  are 
near  the  threshold  limit  (0.025  mg/1  PO^  as  phosphorus)  for  stimu- 
lation of  algal  growth.  The  main  stem  of  the  Columbia  River  shows 
little  change  in  mineralization  from  the  International  Boundary 
to  the  point  of  its  confluence  with  the  Snake  River.  The  effect 
of  incoming  tributaries  with  higher  mineralization  is  partly  off- 
set by  the  contribution  of  tributaries  with  lower  mineralization. 
However,  the  major  reason  for  the  uniformity  of  mineralization 
in  this  reach  of  the  main  stem  is  the  relative  discharge  of  the 
Columbia  compared  with  that  of  its  tributaries. 

Table  37  - Annual  Average  Concentrations  of  Several  Radionuclides 
in  the  Columbia  River-- 1966,  Subregion  2 (1) 


Radionuclides 

Richland 

pc/liter 

Bonneville  Dam 
pc/liter 

Rare  Earths  + 

Y 

270 

- U 

24Na 

2,600 

- 

32p 

140 

23 

51Cr 

3,600 

1,300 

64Cu 

1,400 

- 

65Zn 

200 

43 

76As 

420 

- 

90Sr 

1 

- 

131  j 

18 

3 

239Np 

770 

- 

1/  Indicates 

insufficient 

data  to  supply 

meaningful  annual 

average . 


Supersaturated  levels  of  dissolved  nitrogen  as  high  as  140 
percent  have  recently  been  reported  by  the  Bureau  of  Commercial 
Fisheries.  The  condition  persists  all  along  the  Columbia  River 
from  Grand  Coulee  Dam  to  the  mouth  and  presents  a threat  to 
migratory  salmonids.  If  the  fish  are  forced  from  the  depths  to 
the  surface  by  barriers  to  their  migration,  or  pass  through  sig- 
nificantly higher  temperatures  in  thermal  plumes,  nitrogen 
bubbles  can  form  in  their  bloodstreams,  causing  nitrogen  embolism 


- 
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similar  to  "the  bends."  The  supersaturation  phenomenon  is 
probably  initiated  at  dam  spillways,  but  the  subsequent  failure 
to  reach  an  equilibrium  with  the  atmosphere  is  unexplained.  (3) 
(24)  No  specific  limits  have  been  set  for  dissolved  nitrogen  in 
State  Water  Quality  Standards.  Any  amount  over  saturation  may  be 
lethal . 


Tributaries 


The  major  tributaries  of  the  upper  Columbia  are  the  Similk- 
ameen,  Okanogan,  Kettle,  Methow,  Chelan,  Wenatchee,  Sanpoil, 

Entiat,  and  Colville  Rivers  and  Crab  Creek.  Table  35  summarizes 
important  water  quality  parameters  for  selected  stations  in  the 
subregion.  The  data  available  indicate  that  waters  are  generally 
suitable  for  most  uses.  The  most  important  water  quality  problems 
are  in  Moses  Lake,  where  prolific  algal  blooms  have  hindered  its 
recreational  development;  in  the  Okanogan  and  Methow  Rivers,  where 
high  water  temperatures  interfere  with  cold  water  species  of  fish; 
and  in  the  lower  Colville,  Okanogan,  Entiat,  and  Wenatchee  Rivers 
where  total  coliform  organisms  exceed  recommended  limits. 

The  Wenatchee,  Entiat,  Chelan,  and  Methow  Rivers  (entering 
the  Columbia  from  the  west)  originate  in  the  high  elevations  of 
the  Cascade  Range.  The  waters  in  the  streams  are  generally  soft 
(less  than  30  mg/1  hardness),  high  in  dissolved  oxygen,  and  low 
in  total  dissolved  solids.  The  Methow  River  has  slightly  greater 
concentrations  of  total  dissolved  solids  and  has  an  average 
hardness  of  about  73  mg/1.  These  tributaries  are  generally  of 
excellent  bacterial  quality,  although  the  lower  Wenatchee  and 
Entiat  Rivers  have  on  occasion  exhibited  high  total  coliform 
counts.  The  median  coliform  count  of  the  Wenatchee  River  at 
Wenatchee  exceeds  the  1,000  organisms/100  ml  limit  recommended  for 
safe  water-contact  recreation. 

Those  streams  which  drain  the  northern  and  eastern  areas 
of  the  subregion,  including  the  Okanogan,  Similkameen,  Sanpoil, 
Kettle,  and  Colville  Rivers,  are  more  highly  mineralized,  primarily 
because  irrigation  is  more  extensive,  the  land  is  more  arid,  and 
the  concentration  of  natural  solute  is  greater.  The  total  dis- 
solved solids  are  generally  greater  than  100  mg/1.  Average  dis- 
solved oxygen  levels  are  above  10  mg/1.  The  lower  Okanogan  and 
Colville  Rivers  are  the  only  streams  with  average  coliform  counts 
exceeding  the  recommended  limit  for  water-contact  recreation. 

Summer  water  temperatures  in  the  Okanogan  River  during  anadromous 
fish  migration  periods  have  at  times  been  high  enough  (above  78°F.) 
(25.6°C.)  to  force  salmonid  fish  to  take  refuge  in  the  cooler 
waters  of  the  Columbia  River  where  they  are  subjected  to  nitrogen 
supersaturation  problems. 
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Crab  Creek  is  the  major  tributary  of  the  Columbia  Plateau 
area.  Water  is  also  diverted  from  the  Columbia  River  to  the  area 
for  the  Columbia  Basin  Project.  The  water  imported  to  the  area 
from  the  Columbia  River  is  of  adequate  quality  to  serve  all  needs. 
The  dissolved  solids  are  in  the  range  of  120-140  mg/1  when  enter- 
ing the  area.  Upper  Crab  Creek,  the  natural  historic  stream  in 
the  area,  has  an  average  total  dissolved  solids  concentration  of 
about  230  mg/1  and  is  moderately  hard.  High  concentrations  of 
phosphates  and  nitrates  are  present  in  the  creek  (0.44  mg/1  PO4 
as  PO4  and  1.37  NO^  as  N) . The  creek  also  has  high  color  and 
turbidity  levels.  Upper  Crab  Creek  and  Rocky  Ford  Creek  represent 
about  55  percent  of  the  inflow  to  Moses  Lake.  The  remainder  is 
from  ground-water  inflow.  Concentrations  of  dissolved  solids  in 
Moses  Lake  range  from  about  250  to  450  mg/1.  Prolific  algal 
blooms  and  turbidity  have  limited  the  lake's  recreational  use. 

The  algal  production  is  thought  to  be  a result  of  abundant  phos- 
phate inputs  to  the  lake.  The  major  phosphate  sources  are  the 
Moses  Lake  sewage  treatment  plant.  Rocky  Ford  Creek,  Crab  Creek, 
irrigation  return  flows  and  ground-water  inflows.  The  profuse 
algal  growths  have  reduced  the  appeal  of  the  lake  to  swimmers 
and  boating  enthusiasts  although  coliform  counts  have  generally 
remained  less  than  100  per  100  ml,  which  indicates  little  health 
hazard  for  recreational  use.  Algae,  however,  exert  a significant 
oxygen  demand  on  the  lake  waters.  Samples  collected  about  2 feet 
off  the  bottom  at  a depth  of  about  30  feet  during  the  summer  of 
1963  showed  dissolved  oxygen  ranging  from  2.7  to  7.3  mg/1. 

The  mineral  content  of  Crab  Creek  below  Potholes  Reservoir, 
has  a dissolved  solids  content  from  300-350  mg/1,  which  is  sig- 
nificantly increased  by  ground-water  inflow  and  irrigation  return 
flows.  At  the  confluence  of  Crab  Creek  with  the  Columbia  River 
the  mean  total  dissolved  solids  concentration  is  about  750  mg/1. 
Dissolved  oxygen  remains  at  a relatively  high  level  (over  9.5 
; mg/1)  through  this  reach  of  the  creek.  Coliform  densities  as  high 

' as  46,000/100  ml  have  been  reported  in  lower  Crab  Creek.  It  is 

believed  that  these  bacteria  are  contributed  by  cattle  pastured 
on  lands  through  which  the  stream  flows. 

The  temperature  range  in  Crab  Creek  is  from  70°  to  77°F. 
(21.1°  to  25.0°C.)  during  summer  months;  however,  temperatures 
as  high  as  84°F.  (28.9°C.)  have  been  reported. 


Summary  of  Problems 

A graphical  summary  of  water  quality  problem  areas  in  the 
Upper  Columbia  Subregion  is  presented  in  figure  17. 
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The  summer  water  temperatures  of  the  Columbia  River  below 
the  Hanford  operation  are  above  recommended  State  Water  Quality 
Standards.  The  high  water  temperatures  are  a result  of  natural 
causes,  the  series  of  impoundments  on  the  Upper  Columbia,  and  the 
Hanford  Atomic  Works.  The  Okanogan  and  Methow  Rivers  also  have 
high  summer  water  temperatures  as  a result  of  natural  causes  and 
water  diversions. 

The  Columbia  River  below  Grand  Coulee  Dam  contains  super- 
saturated levels  of  dissolved  nitrogen  gas,  which  causes  gas 
bubbles  in  fish.  The  supersaturation  phenomenon  results  from 
air-entrainment  in  spillways,  but  its  persistence  throughout  the 
Columbia  River  is  not  understood. 

Surveillance  of  ground-water  quality  in  the  Columbia  Basin 
Project  area  is  needed  to  protect  individual  domestic  water  sup- 
plies. Nitrate-nitrogen  concentrations  in  some  areas  have  reached 
levels  of  180  mg/1.  The  PHS  Drinking  Water  Standards  recommend  a 
maximum  limit  of  10  mg/1  nitrate-nitrogen  for  domestic  water 
sources  to  protect  against  the  infant  disease  "methemoglobinemia." 

Excessive  algal  growths  have  interfered  with  recreational 
and  fisheries  uses  of  Moses  Lake.  The  profuse  algal  blooms  are 
thought  to  be  a result  of  nutrient  inflow  from  ground-water  domestic 
wastes,  irrigation  returns,  and  several  tributaries. 

Total  coliform  bacteria  counts  in  excess  of  recommended 
criteria  occur  in  the  lower  reaches  of  the  Okanogan,  Colville, 
Entiat,  and  Wenatchee  Rivers.  Inadequately  treated  municipal 
wastes  and  septic  tank  drainages  are  generally  responsible  for 
the  problem. 


FUTURE  WATER  QUALITY  MANAGEMENT  NEEDS 

Based  on  the  projected  economic  development  of  the  Upper 
Columbia  Subregion,  the  population  is  expected  to  increase  from 
250,200  in  1965  to  548,000  in  2020.  This  represents  an  increase 
of  119  percent  for  the  subregion,  as  compared  with  121  percent 
for  the  region. 

Figure  18  shows  the  projected  subbasin  population  for  the 
years  1980,  2000,  and  2020.  The  projected  service  area  popula- 
tions for  municipal  and  rural  categories  are  presented  in  table 
38. 


Industrial  development  will  continue  to  be  based  on  agri- 
cultural, food-processing,  and  associated  industries.  Food  pro- 
duction is  expected  to  increase  2.5  times  as  more  lands  are 
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FIGURE  18.  Projected  Population,  Subregion  2 


irrigated.  The  pulp  and  paper  industry  and  the  lumber  and  wood 
products  production  are  expected  to  expand  significantly;  however, 
only  limited  expansion  of  the  primary  metals  industry  is  likely. 


{ 
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Table  38  - Projected  Population,  Subregion  2 1/ 


1980 

2000 

(thousands) 

2020 

Tri-Cities  Service  Area 

103.7 

156.1 

213.5 

Municipal 

91.0 

149.8 

213.5 

Rural 

12.7 

6.3 

Other 

218.8 

274.7 

334.5 

Municipal 

102.4 

140.3 

182.4 

Rural 

116.4 

134.4 

152.1 

Total  Subregion 

322.5 

430.8 

548.0 

Municipal 

193.4 

290.1 

395.9 

Rural 

129.1 

140.7 

152.1 

1/  Differences  between  totals  in  this  table  and  source  are  due  to 
differences  in  subregion  boundaries.  The  source  is  based  on 


economic  boundaries  and  this  table  is  based  on  hydrologic 
boundaries.  The  municipal  population  is  defined  as  that  popu- 
lation discharging  wastes  to  a municipal  sewerage  system.  The 
rural  population  is  defined  as  the  residual. 

Future  Waste  Production 

Municipal 

The  projected  municipal  raw  waste  production  for  the  Upper 
Columbia  Subregion  is  presented  in  table  39.  The  population  served 
by  municipal  sewers  and  treatment  facilities  is  expected  to  in- 
crease from  53  percent  in  1965  to  72  percent  by  the  year  2020. 

The  Tri-Cities  Service  Area  will  continue  to  produce  approximately 
half  of  the  subregion's  municipal  raw  waste. 


Table  39  - Projected  Municipal  Raw  Organic  Waste  Production, 

Subregion  2 1 J 


1970 

1980 

(1,000's 

2000 

P.E.) 

2020 

Tri-Cities  Service  Area 

83.3 

113.8 

187.2 

266.9 

Other 

109.7 

128.0 

175.4 

228.0 

Total  Subregion 

193.0 

241.8 

362.6 

494.9 

1/  A factor  of  1.25  was  applied  to  the  municipal  population  com- 
ponents to  account  for  the  effects  of  small  commercial  establish- 
ments and  other  urban  activities  which  add  to  municipal  waste 
loads . 
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Industrial 


r 


Projected  raw  organic  waste  production  for  the  major  indus- 
trial categories  are  presented  in  table  40  for  the  years  1980, 
2000,  and  2020.  By  the  end  of  the  projection  period,  it  is  expec- 
ted that  industries  will  produce  approximately  48  percent  of  the 
subregion's  total  organic  waste  production.  The  food  products 
industry  will  continue  to  be  the  largest  organic  waste  source, 
contributing  approximately  91  percent  of  the  industrial  waste 
production.  The  pulp  and  paper  industry  and  the  lumber  and  wood 
products  industry  are  expected  to  expand  significantly  in  the 
Wenatchee  area.  Only  limited  expansion  is  anticipated  in  the 
primary  metals  industry,  but  aluminum  production  is  expected  to 
increase  a great  deal. 

Table  40  - Projected  Industrial  Raw  Organic  Waste  Production, 
Subregion  2 (S)  (17)  1/ 


1970 

1980 

2000 

2020 

( 1,000 1 s 

P.E.) 

Food  Products 

Grant  and  Adams 

Counties  1,899.4 

2,547 

4,050 

6,130 

Chelan  County 

300.0 

360 

510 

710 

Okanogan  County 

45.0 

90 

125 

180 

Other 

3.0 

3 

5 

10 

2,247.4 

3,000 

4,690 

7,030 

Pulp  and  Paper 

Chelan  County 

0.5 

200 

400 

680 

Lumber  and  Wood  Products 

Okanogan  County 

3.8 

4.5 

5.1 

5.3 

Chelan  County 

1.2 

1.6 

1.9 

2.0 

5.0 

6.1 

7.0 

7.3 

Total 

2,252.9 

3,206.1 

5,097.0 

7,717.3 

1/  Base  data  from  FWPCA  inventory  of 

municipal 

and  industrial 

wastes.  Upper 

Columbia  Subregion, 

1965. 

The  most  serious  case  of  heat  pollution  in  the  Upper 
Columbia  Subregion  is  the  Hanford  Atomic  Works.  Short-term 
surveys  have  revealed  temperature  rises  of  from  2°  to  5°F. 
(1.1  to  2.8°C.)  near  the  Hanford  outfall  and  levels  of  70°F. 
(21.1°C.)  downstream  in  summer.  Likewise,  the  Hanford  Atomic 
Works  is  the  major  producer  of  radioactive  waste  in  the 
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subregion.  The  effluent  is  high  in  zinc-65  and  phosphorus-32, 
both  of  which  pose  a threat  to  health  as  well  as  to  wildlife 
and  aquatic  flora  and  fauna. 


Rural-Domestic 

The  projected  rural-domestic  waste  production  is  summarized 
in  table  41  for  the  years  1980,  2000,  and  2020.  The  rural-domestic 
waste  production  was  assumed  to  be  equal  to  the  rural  population 
component  shown  in  table  38. 


Table  41-  Projected  Rural-Domestic  Raw  Organic  Waste  Production, 

Subregion  2 


1970  1/ 

1980 

2000 

202( 

(1,000's  P, 

. E . ) 

Total  Subregion 

119.9 

129.1 

140.7 

152 

17  Interpolated  from  1965  data  and  1980  projections. 


Rural  development  is  expected  to  occur  around  lakes  and 
reservoirs  and  in  areas  where  lands  are  brought  under  irrigation. 
In  lakes  such  as  Lake  Chelan  and  Wenatchee  Lake,  rural  wastes 
could  result  in  localized  algal  problems  and  bacterial  contami- 
nation. 


Irrigation 

In  1966,  there  were  approximately  729,000  acres  of  irri- 
gated land,  which  required  an  annual  diversion  rate  of  4.4  acre- 
feet  per  acre.  Irrigated  acreage  is  projected  to  increase  to 
1,280,000  acres  by  1980;  1,490,000  acres  by  2000;  and  1,920,000 

acres  by  2020.  The  diversion  rate  is  expected  to  decrease  to  I 

approximately  3.6  acre-feet  per  acre,  and  therefore  the  actual 
diversion  of  water  for  irrigation  will  increase  by  only  about 
2.1  times  by  2020.  As  a result,  more  efficient  use  and  applica- 
tion of  water  will  need  to  be  practiced,  which,  in  turn,  will 
generally  minimize  irrigation  as  a pollution  source.  Irrigation 
developments  will  still  need  to  be  studied  individually  to 
evaluate  the  impact  on  water  quality. 


V. 
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Other  Land  Uses 


Projections  of  land  use  in  the  subregion,  by  major  types  of 
land  use,  are  shown  in  table  42.  The  projections  show  an  increase 
in  land  area  for  croplands  and  a decrease  for  range  and  pasture- 
land.  Increased  use  of  fertilizers  on  crop  and  pastureland  will 
create  a potential  source  of  nutrients,  which  will  continue  to 
aggravate  the  algal  problems  in  lakes  and  streams.  Pesticides 
applied  to  these  lands  can  also  drain  into  the  lakes  and  streams 
and  have  detrimental  effects  on  the  ecology. 

Table  42  - Projected  Land  Use  by  Major  Types  of  Land,  Subregion  2 (5) 


Land  Use 

1966 

1980 

(thousand 

2000 

acres) 

2020 

Cropland 

3,309 

3,451 

3,345 

3 , 300 

Irrigated 

(707) 

(1,242) 

(1,448) 

(1,866) 

Nonirrigated 

(2,602) 

(2,809) 

(1,897) 

(1,434) 

Forest 

5,652 

5,624 

5,653 

5,674 

Range  1/ 

4,584 

4,363 

4,360 

4,300 

Other  2/ 

536 

570 

616 

662 

Total 

14,081 

14,008 

13,974 

13,936 

_1 / Does  not  include  forest  range. 

2/  Includes  barren  land,  roads,  railroads,  small  water  areas, 


urban  and  industrial  areas,  farmsteads,  airports,  etc. 


Agricultural  Animals 


The  raw  organic  waste  production  by  the  livestock  popula- 
tion in  the  subregion  is  expected  to  be  equivalent  to  that  from  a 
population  of  4,400,000  in  1980;  5,900,000  in  2000;  and  7,700,000 
in  2020.  This  is  approximately  48  percent  of  the  total  organic 
waste  production  for  the  subregion.  Most  of  the  waste  remains  on 
the  land  and  decomposes  by  natural  processes.  It  is  expected  that 
a larger  percentage  of  the  cattle  will  be  on  feedlots  by  the  year 
2020,  as  compared  to  those  presently  on  lots.  Animals  concentrated 
in  feedlots  along  streams  cause  accelerated  erosion  as  well  as 
intensifying  the  potential  coliform  bacteria,  nutrients,  and  bio- 
chemical oxygen  demand  in  the  water. 


Recreation 


The  projected  raw  waste  production  by  recreation  activities 
in  the  subregion  is  summarized  as  follows: 


Year 


Population  Equivalents  1 j 


1970 

76,000 

1980 

103,000 

2000 

189,000 

2020 

345,500 

\J  Bureau  of  Outdoor  Recreation  and  U.S.D.A.  Forest  Service 
Projections  for  total  man  recreation  days  (TMRD) . 

In  the  determination  of  wastes  from  recreation  activities, 
the  population  equivalent  is  based  on  the  total  average  recrea- 
tional days.  The  values  represent  the  daily  raw  waste  production 
for  a typical  summer  weekend. 


Other  Factors  Influencing  Quality 

Soil  erosion  on  agricultural  and  deforested  lands  and  from 
construction  activities  causes  siltation  and  turbidity  in  the 
watercourses  receiving  drainage  from  these  areas.  Commercial 
sand  and  gravel  producers  are  another  source  situated  near  the 
urban  areas. 

The  Upper  Columbia  Subregion  contains  some  of  the  most 
productive  lead  and  zinc  deposits  in  the  State  of  Washington  as 
well  as  other  significant  deposits  of  heavy  metals,  economic 
conditions  cause  mining  operations  to  be  sporadic,  creating  a 
situation  that  does  not  lend  itself  to  effective  waste  control 
practices . 

Streamflow  management  can  also  have  an  impact  on  water 
quality.  When  streamflows  diminish,  water  quality  suffers  drastic- 
ally. Management  programs  reflect  the  public  attitude.  Achieve- 
ment of  good  water  management  and  the  flows  needed  can  be 
realized  only  with  the  support  of  the  people,  fully  informed  and 
aware  of  the  problems  and  their  solutions. 


Quality  Goals 

Subregion  quality  objectives  are  based  on  water  quality 
standards  established  for  the  State  of  Washington.  In  establish- 
ing the  water  quality  standards,  each  stream  was  classified  as  to 
its  intended  use,  and  criteria  were  set  to  protect  these  uses 
through  quality  levels  which  must  be  maintained.  In  addition, 
the  standards  incorporate  an  anti-degradation  provision  by  requir- 
ing that  waters  whose  existing  quality  is  better  than  the 
established  standards  be  maintained  at  the  existing  higher 
quality  level.  Also,  the  standards  require  that  the  highest  and 
best  practicable  treatment  under  existing  technology  be  applied 
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to  all  waste  discharges.  The  common  parameters  generally  used 
are  dissolved  oxygen  concentrations,  temperature,  turbidity, 
and  coliform  density. 

The  water  quality  standards  are  summarized  in  table  43. 


Table  43  - Water  Classification  and  Criteria,  Subregion  2 (22) 


Water  Quality 

Class  AA 

Class  A 

Class  B 

Standards 

Extraordinary 

Excellent 

Good 

Coliform 

50  MPN 

240  MPN 

1,000  MPN 

Dissolved  oxygen 

9.5  mg/1 

8.0  mg/1 

6.5  mg/1 

Temperature  1/ 

60°F . 

65°F. 

70°F. 

pH 

6. 5-8. 5 

6. 5-8. 5 

6. 5-8. 5 

Turbidity 

5 JTU 

5 JTU 

10  JTU 

Aesthetic  values 

Shall  not  be  impaired  by  the  presence  of 
materials  or  their  effects,  excluding 
those  of  natural  origin,  which  offend  the 
sense  of  sight,  smell,  touch,  or  taste. 

1 ] For  all  classes,  the  permissible  increase  in  temperature  over 


natural  conditions  is  less  than  1.8°F.  (1.0°C.) 


The  above  uses  and  criteria  are  not  inclusive,  and  the 
water  quality  standards  should  be  consulted  for  specific  informa- 
tion. A copy  of  the  water  quality  standards  is  available  upon 
request  from  the  Washington  Water  Pollution  Control  Commission. 


MEANS  TO  SATISFY  DEMANDS 

Preserving  water  quality  in  the  Upper  Columbia  Subregion 
to  adequately  support  the  river  system's  function  will  require  a 
coordinated  program  of  waste  reduction,  flow  regulation,  applica- 
tion of  waste-controlling  techniques,  and  development  of  a system 
of  cooperative  management  of  the  subregion  for  pollution  control. 
The  achievement  and  preservation  of  good  water  quality  are  based 
upon  people  operating  within  the  context  of  a political,  social, 
and  economic  system.  The  attainment  of  adequate  water  quality 
will  require  an  efficient,  adequately  staffed  and  funded  water 
quality  management  system  for  attacking  the  water  pollution 
problem. 
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Waste  Treatment 


1 


Future  Waste  Discharges 

Water  quality  control  is  largely  dependent  on  providing 
adequate  municipal  and  industrial  waste  treatment.  If  additional 
requirements  and  actions  become  necessary  to  attain  desired 
quality  levels,  the  standards  and  implementation  plan  will  have 
to  be  revised  accordingly. 

For  the  purpose  of  this  study,  it  is  assumed  that  treatment 
efficiencies  of  85  percent  for  1980,  and  90  percent  for  2000  and 
2020,  will  be  maintained  basinwide  for  all  waste  discharges.  In 
some  cases  it  may  be  practical  to  provide  higher  levels  of  waste 
treatment  for  removal  of  residual  organic  material  and  nutrients. 

Based  on  the  above  treatment  levels  and  raw  waste  projec- 
tions presented  earlier,  the  projected  municipal  waste  loadings 
to  be  discharged  to  waters  are  shown  in  table  44.  The  industrial 
waste  loadings  for  major  industrial  categories  are  presented  in 
table  45.  The  total  municipal  and  industrial  organic  waste  dis- 
charge is  expected  to  be  517,200  PE  in  1980,  545,900  PE  in  2000, 
and  821,200  PE  in  2020. 


Table  44  - Projected  Municipal  Organic  Waste  Discharges,  Subregion  2 


1980 

2000 

(1,000's  P.E.) 

2020 

Tri-Cities  Service  Area 

17.1 

18.7 

26.7 

Other 

19.2 

17.6 

22.8 

Total  Subregion 

36.3 

36.3 

49.5 

Treatment  Costs 

Curves  showing  estimated  costs  of  constructing  (total 
capital)  and  operating  (annual  operation  and  maintenance)  munici- 
pal sewage  treatment  plants  for  various  treatment  levels  are 
presented  in  the  "Means  to  Satisfy  Demands"  section  of  the  Regional 
Summary. 
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Table  45  - Projected  Industrial  Waste  Discharge,  Subregion  2 


i 


1980 

2000 

(1,000’s  P.E.l 

2020 

Food  Products 

Grant  and  Adams  Counties 

382.0 

405.0 

613.0 

Chelan  County 

54.0 

51.0 

71.0 

Okanogan  County 

13.5 

12.5 

18.0 

Other 

0.5 

0.5 

1.0 

450.0 

469.0 

703.0 

Pulp  and  Paper 

Chelan  County 

30.0 

40.0 

68.0 

Lumber  and  Wood  Products 

Okanogan  County 

0.7 

0.5 

0.5 

Chelan  County 

0.2 

0.2 

0.2 

0.9 

0.7 

0.7 

Total 

480.9 

509.7 

771.7 

Other  Pollution  Control  Practices 

Some  of  the  water  quality  problems  of  the  Upper  Columbia 
Subregion  are  beyond  the  reach  of  conventional  treatment  and  flow 
regulation.  Solutions  to  these  problems  are  not  as  clear-cut  but 
are  just  as  important  in  maintaining  water  quality. 

Irrigation  return  flows  have  a detrimental  effect  on  the 
water  quality  within  the  Columbia  Basin  Project.  The  return 
flows  show  an  increase  in  total  solids,  nutrients,  coliform 
bacteria,  and  temperature  as  they  accumulate  and  re-enter  the 
stream  system.  In  addition,  the  return  flows  have  raised  ground- 
water  levels  in  some  areas  and  have  contributed  to  the  deteriora- 
tion in  ground-water  quality.  In  other  areas,  saline-alkali 
ground  water  has  been  improved  by  dilution.  Because  treatment  of 
irrigation  return  flows  is  not  feasible,  other  means  of  controlling 
quality  are  necessary.  Research  is  currently  being  conducted  to 
develop  methods  of  applying  irrigation  water,  fertilizers,  and 
pesticides  more  effectively  to  improve  the  quality  of  the  return 
flows. 


Rural  waste  will  be  of  major  significance  in  the  subregion. 
The  disposal  of  rural  waste  to  septic  tanks  and  drainage  fields 
will  continue  to  represent  a hazard  to  the  ground-water  aquifer. 
High  ground-water  levels  create  additional  problems  with  the 
drainage  fields. 
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FIGURE  19.  Minimum  Flow  Needs  to  Maintain  Washington  Dissolved 
Oxygen  Standards  Criteria  (Elevation  1000  feet) 


FIGURE  20.  Minimum  Flow  Needs  to  Maintain  Washington  Dissolved 
Oxygen  Standards  Criteria  (Elevation  2000  feet) 
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The  large  animal  population  in  the  subregion  represents  the 
largest  potential  source  of  organic  wastes;  however,  most  of  the 
waste  production  remains  on  the  land  and  does  not  reach  the 
waterways.  This  situation  is  changing;  with  the  increased  use 
of  feedlots,  the  waste  is  more  concentrated.  Fences  and  simple 
retaining  structures  between  the  animal  habitat  and  watercourses 
should  be  provided  in  order  to  prevent  bank  erosion  and  to  limit 
direct  surface  drainage  to  the  stream.  The  waste  must  be  collec- 
ted for  treatment  or  for  distribution  to  the  land  as  a soil  condi- 
tioner. 

Recreation  areas  will  be  increasing  in  numbers,  size,  and 
intensity.  Sewage  disposal  systems  adequate  to  cope  with  weekend 
loads  from  use  by  thousands  will  be  needed  in  many  recreation 
areas.  Facilities  for  collection  and  pickup  of  litter  and  garbage 
must  also  be  made  available,  since  these  things  may  add  to  the 
waterborne  debris  load. 


Thermal  powerplants  will  be  required  to  cool  waste  water 
before  discharge  into  surface  streams,  and  once-through  cooling 
will  no  longer  be  permitted.  Heavy  metals  and  other  inhibitors 
in  the  cooling  water  must  not  be  discharged  into  streams  or 
ground  water. 

Minimum  Flow  Requirements 

Since  waste  treatment  does  not  provide  an  economic  solution 
for  complete  removal  of  contaminants  from  waste  streams,  and  waste 
discharges  from  non-point  sources,  a certain  amount  of  streamflow 
is  necessary  for  dilution  and  assimilation  of  residual  wastes. 

The  minimum  flow  requirement  is  related  to  a number  of  factors, 
including  the  strength  and  deoxygenation  capacity  of  the  wastes; 
and  the  temperature,  reaeration  capacity,  elevation,  and  minimum 
* allowable  dissolved  oxygen  for  the  stream. 


A set  of  generalized  curves  showing  minimum  flow  require- 
ments for  raw  waste  loadings  subjected  to  various  treatment 
levels  is  presented  in  figures  19  and  20  for  several  dissolved 
oxygen  objectives,  elevations,  and  self-purification  factors 
(a  combined  characteristic  of  the  waste  and  receiving  stream) . 
Figure  21  shows  generalized  areas  for  which  particular  curves 
are  applicable.  These  figures  give  only  approximate  requirements 
for  small  and  middle-sized  communities  with  a normal  mix  of 
municipal  and  industrial  wastes. 

Tri-Cities  Service  Area  The  population  of  the  Tri -Cities 
Service  Area  is  projected  to  increase  from  91,000  in  1965  to 
213,500  in  2020.  The  major  industrial  waste  material  will  con- 
tinue to  be  near  the  outside  limits  of  the  service  area.  A 
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major  nuclear  fuels  processing  plant  is  being  considered,  and  the 
Hanford  Atomic  Works  is  presently  discharging  into  the  Columbia 
River.  The  impact  of  the  radioactive  waste  is  not  fully  under- 
stood at  this  time.  In  addition,  a 60,000-head-per-year  feedlot 
and  a 130 ,000-head-per-year  meat  packing  plant  are  planned  in  the 
vicinity  of  the  Tri-Cities  Service  Area.  Means  for  controlling 
waste  from  feedlots  are  not  completely  developed  at  this  time. 

Other  Minimum  Flow  Requirements 

The  pulp  and  paper  industry  and  the  wood  products  industry 
are  expected  to  expand  significantly  in  the  Wenatchee  area.  The 
food  products  industry  is  projected  to  be  the  largest  producer  of 
organic  waste.  Nonoverflow  lagoons  or  primary  settling,  followed 
by  land  application  of  the  effluent  by  various  methods  of 
irrigation,  eliminate  the  release  to  surface  streams. 


Management  Practices 

The  state  occupies  a strategic  position  in  water  quality 
management.  It  is  the  focal  point  and  has  a major  responsibility 
for  water  pollution  control.  The  ability  of  the  pertinent  state 
agencies  to  discharge  their  responsibilities  must  be  strengthened 
in  order  to  enhance  the  effectiveness  of  their  roles  in  water 
quality  management.  The  capacity  to  control  the  water  resources 
is  an  important  factor  in  preserving  water  quality  of  the  streams. 
While  flows  are  generally  adequate  to  assimilate  waste  discharged 
to  the  stream,  both  now  and  in  the  future,  a dependable  flow  must 
be  guaranteed. 

1 Stronger  land  use  controls  and  other  associated  controls 

' must  be  developed:  (1)  that  give  significant  attention  to  the 

physical  capabilities  of  the  waters,  and  (2)  that  give  protection 
to  the  various  uses  of  water.  Conflicting  uses  of  water  will 
increase  in  future  years  along  with  the  increase  in  water-use 
activities.  In  recreation  activities  alone,  the  water  skier,  the 
fisherman,  and  the  swimmer  conflict.  Special  recreation  waters 
will  have  to  be  designated  in  order  to  keep  such  conflicts  at  a 
minimum.  Restrictions  of  some  activities  will  probably  be  required 
whenever  they  tend  to  "overuse"  areas  and  degrade  the  water  qualitv. 
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SUBREGION 


YAKIMA 


INTRODUCTION 

The  Yakima  Subregion  consists  of  the  area  drained  by  the 
Yakima  River  and  lies  entirely  within  the  State  of  Washington. 

The  total  area  is  6,062  square  miles.  The  principal  tributaries 
of  the  Yakima  River  drain  the  eastern  slopes  of  the  Cascade  Range. 
About  three-fourths  of  the  subregion  is  in  the  Columbia  Basin 
physiographic  province.  The  remainder  is  in  the  Cascade  Range. 

Like  all  of  the  area  east  of  the  Cascade  Range,  total  pre- 
cipitation is  low  and  the  temperature  range  is  quite  large. 

Record  temperatures  range  from  -25°  to  110°F.  (-32  to  43°C.).  A 
frost-free  season  of  from  160  to  200  days  in  the  valleys  is  normal. 
About  one-third  of  the  subregion  receives  less  than  10  inches  of 
precipitation  annually;  the  remaining  area,  from  10  to  30  inches; 
although  in  a small  area  of  the  Cascades  more  than  100  inches  are 
consistently  recorded. 

Agriculture  is  the  primary  economic  activity.  Yakima  is  a 
center  for  processing  of  both  fruit  and  vegetable  crops  grown  in 
the  adjacent  valleys.  There  are  a limited  number  of  lumber  and 
wood  products  plants. 

In  the  valleys,  population  densities  are  high  but  in  the 
surrounding  rangelands  are  extremely  low.  The  population  in  1965 
totaled  about  184,500  and  is  centered  in  the  towns  along  the  Yakima 
River. 


PRESENT  STATUS 


Sources  of  pollution  in  the  Yakima  Subregion  are  closely 
related  to  the  economic  base  of  agriculture.  Municipalities  and 
industries  are  the  largest  sources  of  organic  wastes.  The  food- 
processing industry  accounts  for  most  of  the  industrial  waste 
production  and  nearly  three-fourths  of  the  waste  load  discharged 
to  municipal  systems.  A graphical  summary  of  municipal  and 
industrial  organic  waste  production  and  discharge  is  presented  in 
figure  22.  Diversion  of  water  to  large  irrigation  developments 
tends  to  reduce  the  assimilative  capacity  of  the  Yakima  River, 
and  return  flows  significantly  affect  water  quality.  Extensive 
stock  watering  and  feedlot  activities  also  have  an  important  impact 
on  water  quality. 
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The  headwaters  of  the  Yakima  River  and  most  tributaries  are 
of  adequate  water  quality  for  most  purposes.  However,  during  the 
period  of  low  streamflow,  the  lower  reaches  of  the  Yakima  River 
suffer  from  serious  water  quality  degradation.  The  most  signifi- 
cant problems  are  high  stream  temperatures,  heavy  algal  growths, 
and  bacterial  contamination. 


Stream  Characteristics 

The  principal  streams  draining  the  east  slope  of  the 
Cascade  Range  in  the  northern  portion  of  the  subregion  are  the 
Yakima,  Kachess,  and  Cle  Elum  Rivers.  Further  south  is  the 
Naches  River,  whose  main  tributaries.  Bumping  and  Tieton  Rivers, 
also  head  in  the  east  slope  of  the  Cascade  Range.  Issuing  from 
the  foothills  of  the  Cascade  Range  are  the  North  and  South  Forks 
of  Ahtanum  Creek.  All  streams  are  fed  largely  by  snowmelt  from 
the  Cascade  Range. 

The  average  annual  runoff  from  the  subregion  amounts  to 
about  3,240  cfs  (2.35  million  acre-feet).  This  results  in  a 
little  more  than  one-half  cubic  foot  pei  second  per  square  mile. 


Surface-Water  Hydrology 


The  streamflow  is  strongly  influenced  by  storage  reser- 
voirs and  numerous  irrigation  diversions.  The  discharge  pattern 
is  characterized  by  maximum  discharges  between  May  and  September 
in  the  headwater  areas  when  storage  releases  are  being  made. 
These  waters  are  largely  diverted  for  irrigation  in  the  middle 
and  lower  reaches  of  the  Yakima.  As  a result,  extremely  low 
flows  occur  in  the  lower  Yakima  River  between  July  and  October. 
Table  46  presents  monthly  discharge  data  for  selected  stations. 


From  the  standpoint  of  waste  discharg 
flow  months  from  July  to  October  are  the  mos 
the  peak  canning  period  for  the  food-process 
minimum  flow  in  the  Yakima  River  occurs  near 
Sunnyside  diversion  and  below  the  Prosser  di 
flows  result  in  a substantial  recovery,  and 
between  Parker  and  Kiona.  One-in-ten-year  1 
selected  recurrence  frequency  designated  to 
low  flows.  These  data  are  summarized  for  se 
table  47. 


e control,  the  low- 
t important.  This  is 
ing  industry.  The 
Parker,  below  the 
version  dam.  Return 
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Impoundments  and  Stream  Regulation 


Streamflow  is  regulated  by  six  headwater  reservoirs  with 
a total  capacity  of  more  than  one  million  acre-feet  and  numerous 
diversions  for  irrigation.  Storage  and  regulation  are  provided 
to  make  irrigation  water  available  in  amounts  and  at  times  needed 
(April  through  October)  with  flood  control  operation  and  special 
fishery  releases  only  to  the  extent  that  they  do  not  interfere 
with  irrigation.  The  operating  schedule  of  the  reservoirs  con- 
sists of  stopping  releases  from  four  of  the  reservoirs  at  the 
end  of  the  irrigation  season  so  that  they  may  fill  as  rapidly  as 
possible.  A flow  of  25  to  30  cfs  is  maintained  in  the  Cle  Elum. 
River  below  the  dam  to  meet  water  supply  needs  of  the  City  of 
Cle  Elum.  Releases  from  storage  may  begin  as  early  as  April  or 
as  late  as  July,  depending  on  runoff  conditions. 

All  waters  in  the  Yakima  Subregion,  except  some  surplus 
flows  during  winter  months,  are  fully  appropriated.  If  all  water 
rights  were  exercised  simultaneously  during  summer  months,  much 
of  the  water  would  be  reused  several  times.  With  existing  storage, 
all  water  rights  can  be  met  during  normal  wrater  years.  However, 
during  dry  years,  storage  is  inadequate  and  the  available  water 
is  prorated  according  to  priorities  established  by  adjudication. 
Records  show  that  flows  below  some  diversion  points,  particularly 
those  below  Sunnyside  and  Prosser,  fall  to  less  than  50  cfs  for 
several  days  at  a time.  This  has  resulted  in  critical  water 
quality  problems. 


Ground-Water  Characteristics 


The  ground-water  resources  of  the  Yakima  Subregion  are  an 
important  complement  to  the  surface-water  resources  of  the  area. 
With  few  exceptions,  municipalities  utilize  ground  water  for 
supply  purposes.  In  addition,  it  is  used  extensively  for 
individual  industrial  and  domestic  purposes  and  irrigation. 

There  are  three  important  aquifer  units  in  the  Yakima 
Subregion:  the  alluvium,  the  Ellensburg  formation,  and  the 

basalt  of  the  Columbia  River  group.  Moderate  to  moderately  large 
yields  can  be  obtained  from  wells  in  any  one  of  the  three  aquifer 
units  at  favorable  locations,  and  there  have  been  considerable 
development  and  utilization  of  ground  water  for  each.  The  area  of 
most  intense  ground-water  use  is  in  the  Ahtanum  Valley. 

In  general,  ground-water  quality  is  adequate  for  most 
purposes.  In  the  alluvial  aquifer  unit,  the  dissolved  solids  are 
generally  less  than  300  mg/1;  total  hardness  is  40  to  150  mg/1; 
fluoride  and  iron  are  low;  and  the  water  is  a calcium-magnesium 
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near  Martin  Wn. 
kachcss  River 
near  Fas  ton,  Wn. 

38 

17 

16 

28 

48 

16 

302 

741 

479 

715 

667 

718 

907 

618 

692 

244 

107 

108 

48 

88 

71 

327 

28t 

Cle  Uum  River 
nut  Roslyn.  wn. 

62 

85 

57 

247 

1,651 

2,291 

2,182 

2,207 

1 .347 

386 

250 

189 

911 

Yakima  River 

at  Cle  Elum,  Wn. 

578 

532 

590 

1,120 

2,837 

3,237 

2,704 

2,910 

2,018 

751 

787 

837 

1 .575 

at  tlactanua,  Wn 

1,107 

1,184 

1 ,618 

2.857 

4,446 

4,187 

2,958 

3,184 

2.384 

1,191 

1,358 

1 .430 

2,325 

. Wn. 

67 

91 

122 

129 

727 

8U8 

.15 

353 

185 

l : ? 

195 

166 

288 

American  River 
near  M le.  Wn. 

112 

116 

139 

337 

711 

636 

291 

88 

56 

74 

131 

154 

23S 

Tieton  River  at 
Tieton  Dam  near  N 

138 

161 

56 

S3 

733 

1,121 

1 .150 

1,304 

838 

213 

171 

169 

495 

Naches  River  below 
Tieton  River  near 

Naches 

782 

343 

1 ,826 

3.954 

3,482 

1,942 

1.222 

802 

481 

758 

969 

1,478 

N.l'.  Ahtanum  River 
near  Tampico,  Win. 

30 

56 

SI 

121 

201 

161 

56 

25 

18 

20 

25 

35 

65 

. 1 . Ahtanum  River  at 
l.onrad  Ranch  near  Tampico 

11 

14 

19 

34 

48 

40 

15 

8 

7 

7 

8 

12 

19 

Yakima  River 

near  Parker,  Wn. 

2,313 

2,313 

2 , 385 

2,037 

4,129 

3 , 330 

343 

125 

125 

586 

2,264 

2 , 786 

1 .894 

Yakima  River 
at  Kiona,  Hn. 

2,966 

3,344 

3,685. 

3,556 

5,712 

5.409 

1,911 

1,584 

1,994 

2,051 

3,134 

3,553 

3,240 

Table  47  - One- in-Ten-Year  Low  Flows,  Subregion  3 (12) 


One-in-Ten-Year 
Stream  and  Location  Low  Flow  1 / 

(cfs) 

< 1 
<1 
12 
110 
300 
CIO 
24 
10 

180 

9 
4 

60 

1,000 


1/  Period  of  1 month. 


Yakima  River  near  Martin,  Washington 
Kachess  River  near  Easton,  Washington 
Cle  Elum  River  near  Roslyn,  Washington 
Yakima  River  at  Cle  Elum,  Washington 
Yakima  River  at  Umatanum,  Washington 
Bumping  River  near  Nile,  Washington 
American  River  near  Nile,  Washington 
Tieton  River  at  Tieton  Dam  near  Naches 
Washington 

Naches  River  below  Tieton  River  near 
Naches,  Washington 

North  Fork  Ahtanum  Creek  near  Tampico, 
South  Fork  Ahtanum  Cr.  at  Conrad  Ranch 
Tampico,  Washington 
Yakima  River  near  Parker,  Washington 
Yakima  River  at  Fiona,  Washington 


Wash . 
near 
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bicarbonate  type.  The  Ellensburg  formation  is  characterized  by 
dissolved  solids  of  less  than  300  mg/1,  moderately  hard  to  hard 
water,  low  fluoride  and  iron,  and  a calcium-magnesium  bicarbonate 
water  with  small  quantities  of  sulfate  and  chloride.  In  the 
Columbia  River  group,  ground-water  quality  is  generally  character- 
ized by  dissolved  solids  of  less  than  250  mg/1;  a total  hardness 
of  50  to  100  mg/1;  and  a bicarbonate  water,  with  calcium  plus 
magnesium  generally  exceeding  sodium.  In  a few  wells,  sodium  is 
an  objectionable  concentration,  with  the  sodium  adsorption  ratio 
(SAR)  ranging  to  three . 

Bacterial  contamination  of  shallow  wells  in  some  suburbs 
of  Yakima  has  been  reported  by  the  Yakima  County  Health  Department. 


Pollution  Sources 

The  municipal  and  industrial  waste  loadings  and  discharges, 
in  population  equivalents,  for  the  Yakima  Subregion  are  summarized 
in  table  48. 


table  4 8 - Sunmary  of  Municipal  and 

Industrial  Waste  Treatment 

, Subregio 

n 3i/ 

Municipal 

Industrial 

Lumber 

Food 

and  Wood 

Primary 

Secondary  Lagoons 

Other 

Total 

Processing 

Products 

Total 

Number  of  facilities 

3 

3 

28 

28 

2 

30 

Population  served 

10,480 

80,130  6,230 

1,200 

98,060 

PE  produced 

131.860 

252,030  17.850 

1.200 

407,960 

466,040 

1,100 

467.140 

PE  discharged 

103.330 

71.500  3,840 

1,200 

179,870 

37,525 

600 

38,325 

X removal  efficiency 

22 

72  79 

0 

56 

92 

73 

92 

1/  FWPCA  inventory  « 

• r Municipal  . 

ind  Industrial  wt,tes,  Yakima  Subregion,  1965. 

During  the  summertime  low  streamflow  periods,  municipali- 
ties and  industries  produce  wastes  equivalent  to  those  from  a 
population  of  875,100  persons.  Of  this  total,  53  percent  is 
generated  by  the  food-processing  industry  and  46  percent  by 
municipalities.  Waste  treatment  and  other  means  of  waste  reduc- 
tion decrease  the  total  organic  load  to  the  waterways  by  about 
75  percent,  so  that  218,200  population  equivalents  actually  reach 
the  watercourses.  Of  this  total,  179,870  PF,  are  released  by 
municipalities,  and  38,325  PE  are  discharged  by  industries. 
However,  the  food-processing  industry  accounts  for  about  140,000 
population  equivalents  that  are  discharged  from  municipal  systems. 
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Irrigation  diversions  and  return  flows  are  also  major 
pollution  factors.  Agricultural  drainage  from  the  animal  popula- 
tion is  also  a major  pollution  source.  Other  sources  of  pollution 
include  wastes  from  the  rural -domes tic  population,  land  use, 
recreation,  and  natural  sources. 


Municipalities 

The  average  reduction  in  biochemical  oxygen  demand  is  about 
56  percent,  resulting  in  an  organic  waste  loading  to  waterways  of 
about  179,900  PE.  Of  the  28  municipalities  served  by  waste  col- 
lection systems,  17  provide  secondary  waste  treatment,  five  have 
lagoons,  three  provide  primary  waste  treatment,  and  three  employ 
other  forms  of  waste  treatment  or  no  waste  treatment. 

Ten  communities  utilizing  secondary  waste  treatment  do  not 
have  final  clarification  units.  The  Washington  Water  Pollution 
Control  Commission  requires  that  these  communities  provide  such 
units  or  at  least  the  level  of  treatment  achieved  by  conventional 
secondary  treatment.  The  three  communities  having  primary  waste 
treatment  should  upgrade  to  secondary  treatment,  or  the  equiva- 
lent, within  the  next  5 years.  In  addition,  several  small  com- 
munities having  no  waste  treatment  facilities  should  also  install 
secondary  treatment  or  the  equivalent.  Generally,  communities 
operating  lagoons  accomplish  an  adequate  level  of  waste  treatment. 

The  major  population  center  is  the  Yakima  Service  Area, 
which  includes  the  cities  of  Yakima,  Selah,  and  Union  Gap. 
Approximately  78  percent  of  the  service  area  population,  or 
61,580  persons,  are  served  by  municipal  waste  collection  and 
treatment  systems.  In  addition,  all  municipal  systems  receive 
wastes  from  several  food-processing  industries.  In  general,  an 
excellent  level  of  waste  treatment  is  practiced,  so  that  only 
about  14,600  PE  are  released  to  waterways  from  the  service  area. 
Only  the  Yakima  Housing  Authority  is  in  need  of  improved  treat- 
ment, and  has  been  requested  to  upgrade  its  primary  treatment 
facilities  to  secondary  treatment  or  the  equivalent. 

The  Ellensburg  area  is  a major  waste  source.  The  City  of 
Ellensburg  presently  has  a primary  waste  treatment  plant  that  is 
overloaded  from  July  to  September  by  wastes  from  a food  processing 
plant.  During  this  period,  approximately  102,000  PE  are  dis- 
charged from  the  facility  to  Wilson  Creek,  a small  tributary  of 
the  Yakima  River.  The  community  is  now  expanding  its  present 
facilities  to  handle  industrial  waste  loadings  and  is  upgrading 
to  secondary  waste  treatment. 
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The  communities  of  Easton,  Roslyn,  South  Cle  Elum,  and> 

Cle  Elum  along  the  upper  reaches  of  the  Yakima  River  are  also 
important  municipal  waste  sources.  These  municipalities  release 
raw  sewage  from  a population  of  about  2,300  persons.  Only  Cle  Elum 
provides  any  type  of  waste  treatment;  however,  50  percent  of  its 
raw  sewage  bypasses  the  treatment  facilities  and  is  discharged  to 
the  Yakima  River.  Secondary  treatment  or  the  equivalent  should 
be  provided  at  Easton,  South  Cle  Elum,  and  Roslyn;  Cle  Elum 
should  expand  its  facilities  to  adequately  treat  present  waste 
loadings . 

I 

The  City  of  Prosser  recently  completed  an  enlargement  of 
its  secondary  treatment  plant  to  handle  food-processing  wastes 
from  a packing  plant;  however,  increased  production  by  the  packers 
has  overloaded  the  facility.  The  industry  operates  from  April 
through  February  and  produces  organic  wastes  equivalent  to  those 
from  a population  of  120,000  persons.  The  combined  municipal  and 
industrial  secondary  waste  treatment  facility  discharges  an 
organic  loading  of  about  50,000  PE  during  the  canning  period. 

The  only  other  municipalities  discharging  significant 
organic  waste  loadings  are  Toppenish,  Wapato,  Sunnyside,  and 
Grandview.  These  communities,  as  well  as  most  of  the  remaining 
communities,  have  secondary  waste  treatment  or  lagoons.  Only  the 
small  community  of  Harrah  with  primary  facilities  and  those  com- 
munities that  have  secondary  treatment  plants  without  final 
clarification  units  provide  less  than  adequate  treatment. 

Industries 

Industrial  waste  production  in  the  Yakima  Subregion  is 
mostly  the  result  of  food-processing  activities  and  is  highly 
, variable,  depending  on  the  season.  The  peak  industrial  waste 

production  is  about  770,000  PE  in  the  month  of  September.  The 
average  industrial  waste  production  is  about  390,000  PE. 

During  the  period  of  maximum  waste  production,  about 
300,000  PF.  of  organic  food-processing  wastes  are  discharged  to 
municipal  waste  treatment  systems.  These  waste  sources  are 
discussed  in  the  section  on  municipal  pollution  sources.  For 
the  remaining  470,000  PE,  waste  treatment  consists  primarily  of 
spray  irrigation  and  non-overflow  lagoons,  with  about  38,325 
PE  of  organic  wastes  reaching  the  watercourse. 

The  Yakima  Service  Area  is  the  major  source  of  industrial 
waste  production.  During  the  peak  period  for  food  processing, 
about  316,000  PE  of  organic  wastes  are  generated  within  the 
service  area.  About  226,000  PF  are  discharged  to  the  City  of 
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Yakima's  industrial  sewer,  which  are  disposed  of  by  spray  irriga- 
tion, allowing  little  direct  discharge  of  wastes  to  the  streams. 

A fruit  growers  plant  operates  an  aerated  lagoon.  During  the 
peak  period  from  June  to  October,  about  25,000  PE  are  released 
to  the  Yakima  River  from  this  facility. 

The  Wapato-Toppenish  area  is  also  a major  industrial  waste 
production  center.  About  120,000  PE  of  organic  food-processing 
wastes  are  generated  and  must  be  treated  by  industries  in  this 
area.  Treatment  practices  are  generally  satisfactory,  allowing 
only  about  8,650  PE  to  be  discharged  to  waterways  during  the 
canning  period.  The  largest  single  waste  source  produces  approxi- 
mately 70,000  PE  from  April  to  October.  The  waste  water  is  used 
for  crop  irrigation,  resulting  in  little  direct  discharge  to  the 
streams.  A fruit  products  plant  also  practices  crop  irrigation 
with  its  untreated  waste  waters.  A food  processing  company  at 
Zillah  discharges  about  6,000  PE  to  the  Yakima  River  and  has  been 
requested  to  install  primary  treatment  and  to  upgrade  its  lagoon 
treatment.  A sugar  company  at  Zillah  has  a sludge  lagoon  for 
removal  of  solids  and  uses  excellent  in-plant  reuse  methods  to 
limit  effluent  strength  to  about  1,000  PE.  A packing  company  at 
Toppenish  is  the  only  other  industry  in  the  area  discharging  a 
significant  waste  loading.  The  plant  releases  about  1,650  PE 
from  its  treatment  lagoons. 

The  Ellensburg  and  Sunnyside  areas  are  the  only  other 
significant  industrial  waste  production  centers  in  which  the 
industries  treat  their  own  wastes.  Industries  in  the  Prosser  and 
Grandview  areas  generate  large  quantities  of  wastes,  but  they 
are  treated  by  municipal  facilities  and  are  considered  in  the 
municipal  pollution  sources  section.  In  the  Ellensburg  area, 
three  packing  companies  operate  non-overflow  lagoons.  Lagoon 
treatment  is  also  practiced  in  the  Sunnyside  area  by  a winery 
and  by  a rendering  company.  These  industries  discharge  900  and 
75  PE,  respectively,  to  Sulphur  Creek. 

Wastes  from  wood  and  lumber  products  industries  are 
relatively  minor.  Lumber  mills  at  Naches  and  Yakima  contribute 
500  and  300  PE  to  waterways.  Log  ponds  and  screening  are 
utilized  for  treatment. 


Rural-Domestic 

Approximately  86,440  persons,  or  47  percent  of  the  sub- 
region's population,  are  served  by  individual  waste  disposal 
systems.  In  general,  septic  tanks  and  some  type  of  subsurface 
disposal  are  used  by  the  rural  population.  The  actual  waste  load 
reaching  waterways  is  not  considered  to  be  large. 
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Irrigation 

The  most  significant  water  use  in  the  Yakima  Subregion  is 
irrigation.  The  total  area  for  which  water  is  diverted  is  about 
505,000  acres.  Diversion  rates  per  acre  average  about  4.9  acre- 
feet  per  year,  or  a total  volume  of  about  2.5  million  acre-feet 
per  year.  Irrigation  return  flows  from  the  upper  basin  are  reused 
to  irrigate  portions  of  the  lower  basin. 

The  major  irrigation  diversion  canals  in  the  Yakima  Sub- 
region  include  the  Kittitas,  Roza,  Tieton,  Wapato,  Sunnyside,  and 
Kennewick  Canals.  Substantial  flows  are  maintained  in  the  Yakima 
River  down  to  the  Wapato  and  Sunnyside  Canals,  a few'  miles  below 
Yakima.  Most  of  the  late  summer  flow  is  comprised  of  storage 
releases  from  headwater  reservoirs.  During  August  and  September, 
flow  in  the  Yakima  River  drops  drastically  below  the  Sunnyside 
and  Wapato  diversions,  picking  up  again  further  downstream  as 
drains  gradually  return  irrigation  water.  Practically  all  existing 
water  rights  below  these  diversions  are  for  irrigation,  and 
appropriations  are  up  to  five  times  the  mean  flow  of  the  stream. 

Low  flows  in  the  river  result  in  an  increased  water  temperature 
which  may  be  detrimental  to  the  fishery  resources.  In  addition, 
higher  temperatures  increase  algal  productivity  resulting  in  an 
aesthetically  undesirable  condition. 

The  chemical,  physical,  and  biological  quality  of  irrigation 
return  flows  in  the  Yakima  Subregion  has  been  studied  by  Sylvester 
(15),  the  Public  Health  Service  (18),  and  the  Washington  Water 
Pollution  Control  Commission.  Data  obtained  in  these  studies  show 
that  turbidity,  BOD,  dissolved  solids,  coliform  organisms,  and 
temperature  are  somewhat  higher  in  irrigation  drains  than  in  the 
river.  Pesticides  and  other  agricultural  chemicals  have  also  been 
found  in  return  drains.  Sufficient  data  on  which  to  evaluate 
deleterious  effects  of  pesticides,  however,  are  not  available. 

The  following  conclusion  was  reached  by  Sylvester  concerning  irri- 
gation return  flow  in  the  Yakima  River:  Irrigation  return  flows 

were  the  major  factor  influencing  the  overall  water  quality  of 
the  Yakima  River  as  compared  with  domestic  sewage  and  industrial 
waste  discharges;  however,  the  water  quality  of  the  lower  Yakima 
River  has  not  been  seriously  impaired  by  irrigation  return  flows, 
with  the  exception  of  increased  water  temperature  and  its  relation 
to  the  fishery. 

| 

Agricultural  Animals 

Agricultural  animal  wastes  are  an  important  source  of  pol- 
lution in  the  Yakima  Subregion.  Large  populations  of  animals-- 
cattle,  hogs,  and  poultry-produce  an  estimated  organic  waste 
equivalent  to  that  from  a population  of  1.9  million  persons.  An 
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estimated  95  percent  of  the  waste  is  reduced  by  soil  action  and 
natural  decomposition  so  that  about  95,000  PE  reach  waterways.  The 
Washington  Water  Pollution  Control  Commission  is  aware  of  this 
problem  and  is,  at  present,  requiring  that  all  feedlots  be  moved 
away  from  stream  areas  so  that  disposal  may  be  made  to  land. 
Dairies,  hog  sheds,  and  poultry  houses  are  also  required  to  pro- 
vide improved  disposal  techniques. 

Other  Land  Use 

Although  little  data  are  available,  land  use  and  management 
practices  are  generally  considered  to  be  satisfactory.  The  produc- 
tion and  transport  of  sediment,  which  is  generally  the  most  sig- 
nificant quality  impairment  resulting  from  land  use,  are  usually 
very  low.  Generalized  sediment  yields  range  between  0.02  and  0.5 
acre- foot  per  square  mile  per  year,  but  about  95  percent  of  the 
entire  subregion  produces  less  than  0.1.  The  generally  low  sedi- 
ment yield  may  be  attributable  to  either  low  precipitation  and 
runoff  or  to  good  ground  cover  conditions  where  precipitation  is 
high. 


Present  Water  Quality 

The  water  quality  of  the  Yakima  Subregion  is  monitored  by 
a National  Water  Quality  Network  Station  near  the  mouth  of  the 
Yakima  River,  and  by  Washington  Water  Pollution  Control  Commission 
Basic  Data  Stations,  in  cooperation  with  the  Geological  Survey  at 
Cle  Elum,  Roza  Dam,  Parker,  and  Kiona  on  the  Yakima  River,  near 
Naches  and  Yakima  on  the  N-aches  River,  at  Oak  Creek  on  the  Tieton 
River,  near  Cle  Elum  on  the  Teanaway  River,  and  at  Thrall  on 
Wilson  Creek.  Several  agencies  have  also  collected  water  quality 
data  in  the  Yakima  Subregion  for  short-term  surveys.  Table  49 
summarizes  annual  mean  and  extreme  values  for  selected  water 
quality  parameters  where  sufficient  data  are  available. 

Water  quality  in  the  upper  reaches  of  the  Yakima  River 
system  is  very  good.  Surface  water  is  generated  mainly  from  snow- 
melt, and  there  is  very  little  development  in  the  area.  The 
uppermost  point  of  the  river  system  receiving  wastes  is  at  Ronald 
on  the  Cle  Elum  River.  From  this  point  downstream  to  the  mouth, 
the  Yakima  River  and  its  tributaries  receive  discharges  of  munici- 
pal and  industrial  wastes,  as  well  as  drainage  from  irrigated 
agricultural  areas. 


Main  Stem  Yakima  River 


Dissolved  oxygen  concentrations  in  the  Yakima  River  are 
normally  maintained  at  satisfactory  levels.  Data  collected  during 
the  summer  of  1961  and  shown  in  figure  23,  indicate  that  the  dis- 
solved oxygen  pattern  in  the  main  stem  Yakima  River  is  governed 
by  photosynthetic  organisms,  and  considerable  diurnal  fluctuation 
occurs.  Minimum  (nighttime)  dissolved  oxygen  levels  above 
Ellensburg  range  from  approximately  7.5  to  9.0  mg/1  during  the 
critical  summer  months.  These  values  correspond  to  75  to  95  per- 
cent of  saturation  at  prevailing  temperatures.  The  minimum  dis- 
solved oxygen  levels  drop  just  below  the  point  where  Wilson  Creek 
discharges  to  the  Yakima  River  and  recovers  to  a level  approaching 
that  above  Ellensburg  at  Selah  Gap.  Below  the  Yakima  Service 
Area,  another  dissolved  oxygen  depression  occurs,  which  approaches 
a minimum  of  about  6.0  or  6.5  mg/1  at  Granger.  Below  Granger,  the 
dissolved  oxygen  concentration  recovers  to  a level  at  which  minimum 
values  are  again  in  the  range  of  8 to  9 mg/1.  Daytime  dissolved 
oxygen  levels  remain  high  throughout  the  main  stem  Yakima  River. 


FIGURE  23.  Dissolved  Oxygen,  Percent  of  Saturation,  Yakima  River 


Yakima  River 
at  Roza  Dam 
Mean 


Table  49  - Summary  of  Water  Quality  Data,  Subregion  3 - 
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TDS  PO 4 
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Yakima  River 
at  Union  Gap,  Wash. 
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16.7  60,392 
1 .0  230 
21.6  460,000 


Yakima  River 
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Mean 
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Tieton  River 
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Saturation  values  of  over  100  percent  are  generally  maintained, 
and  values  of  over  150  percent  of  saturation  have  been  observed 
during  periods  of  intense  algal  blooms. 

Organic  matter,  in  terms  of  biochemical  oxygen  demand  (BOD), 
varies  from  less  than  1 mg/1  in  the  upper  reaches  to  an  average  of 
about  3 mg/1  below  Union  Gap. 

A generalized  profile  of  the  bacterial  quality  of  the 
Yakima  River  is  presented  in  figure  24.  Above  Ellensburg,  coli- 
form  densities  are  low,  with  the  exception  of  localized  problems 
in  the  vicinity  of  Roslyn  and  Cle  Elum.  Below  Ellensburg,  to  the 
mouth  of  the  Yakima  River,  bacterial  densities  are  generally 
above  1,000  organisms/100  ml,  indicating  a condition  unsuitable 
for  swimming  or  for  a raw  water  supply  for  municipal  and  food- 
processing purposes.  The  condition  may  have  improved  recently 
since  the  Washington  Water  Pollution  Control  Commission  requires 
chlorination  of  all  municipal  effluents;  however,  runoff  from 
irrigated  areas  and  from  livestock  feeding  and  grazing  areas  is 
partially  responsible  for  the  high  coliform  densities. 
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FIGURE  24.  Coliform  Bacteria  Profile,  Yakima  Ri ver  (August) . 
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Large  releases  of  cool  water  from  storage,  combined  with  in- 
flow from  the  principal  unregulated  tributaries,  result  in  rela- 
tively low  summer  temperatures  in  the  upper  Yakima  River  downstream 
to  Parker.  Average  values  are  usually  less  than  60°F.  (16°C.). 
Between  Parker  and  Kiona,  water  temperatures  rise  rapidly  to  attain 
values  of  70°  to  80°F.  (21°  to  27°C.).  Temperatures  below  Kiona 
remain  essentially  unchanged  to  the  river  mouth.  Water  tempera- 
tures at  Kiona  rise  rapidly  even  with  relatively  high  discharges 
(300  to  3,000  cfs) . Figure  25  presents  a generalized  water  tempera- 
ture profile  for  the  month  of  August. 

The  average  nitrate  concentrations  in  the  river  increase 
from  approximately  0.1  mg/1  (as  N)  in  the  Easton-Cle  Elum  area  to 
approximately  0.2  mg/1  in  the  Yakima  area.  The  average  concentra- 
tion at  Kiona  is  about  0.4  mg/1.  The  maximum  concentration 
observed  at  Kiona  is  about  2.5  mg/1.  Orthophosphate  concentra- 
tions range  from  0.001  or  0.002  mg/1  (as  PO4)  in  the  Easton  area 
to  0.05  to  0.10  mg/1  in  the  Yakima  area.  In  the  reach  of  the 
river  between  Zillah  and  Mabton,  the  phosphate  concentration 
during  the  irrigation  season  increases  rapidly  to  a level  of  0.20 
to  0.25  mg/1;  and  then  remains  fairly  constant  at  that  level  to 
the  mouth  of  the  river. 

Heavy  growths  of  plankton  and  higher  forms  of  aquatic 
growths  are  found  in  the  Yakima  River  from  Wilson  Creek  to  the 
mouth.  The  photosynthesis  and  respirational  activities  of  these 
organisms  cause  a wide  diurnal  fluctuation  in  several  water 
quality  parameters  including  dissolved  oxygen,  pH,  and  alka- 
linity. 

The  headwaters  of  the  Yakima  River  originate  in  the  Cascade 
Range,  where  precipitation  exceeds  100  inches  annually  and  the 
rock  formations  are  highly  resistant  to  solution.  This  environ- 
ment produces  a soft  calcium  bicarbonate  water  which  has  an  aver- 
; age  dissolved  solids  concentration  of  about  40  mg/1  or  less. 

After  leaving  the  mountains,  the  Yakima  River  flows  most  of  its 
length  through  an  arid  basin  where  precipitation  averages  less 
than  10  inches  per  year.  Daily  records  since  1952  for  the  Yakima 
River  at  Kiona  show  the  average  annual  dissolved  solids  concentra- 
tion to  be  169  mg/1.  The  maximum  and  minimum  reported  dissolved 
solids  concentrations  are  242  and  76  mg/1.  The  water  at  Kiona 
is  still  primarily  calcium  bicarbonate,  but  the  percentages  of 
sulfate  and  sodium  are  about  twice  those  found  in  the  headwater 
streams.  Even  though  the  mineralization  increases  over  fourfold 
between  the  headwaters  and  the  mouth,  the  waters  of  the  Yakima 
River  are  still  relatively  low  in  dissolved  solids  and  are  only 
moderately  hard.  The  water  is  in  the  low  salinity  class  and  is 
suitable  for  reuse  as  irrigation  water. 
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FIGURE  25.  Water  Temperature  Profile,  Yakima  Ri ver (August) . 


Color  and  turbidity  sometimes  exceed  the  standards  set  for 
drinking  water,  and  treatment  would  be  required  for  control  of  i 

these  parameters.  Incomplete  data  for  the  Yakima  show  that  color 
increases  from  an  average  of  about  five  units  at  Cle  Elum  to  an 
average  of  15  to  20  units  in  the  lower  reaches  of  the  river.  A ] 

maximum  of  40  units  has  been  reported  at  Enterprise.  The  Drinking 
Water  Standards  recommend  that  turbidity  in  the  finished  water 
should  not  exceed  five  JTU.  Turbidity  values  in  the  Yakima 
averaged  approximately  two  to  five  JTU  in  the  Cle  Elum  area  and 
10  to  20  JTU  in  the  lower  reaches  of  the  river,  where  a maximum 
of  110  JTU  has  been  recorded.  Values  somewhat  higher  may  occur 
during  periods  of  high  runoff. 
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Suspended  sediment  data  for  the  Yakima  Subregion  are  almost 
nonexistent.  In  several  scattered  studies,  no  concentrations  higher 
than  84  mg/1  were  observed. 

The  National  Water  Quality  Network  Station  near  the  mouth 
of  the  Yakima  River  has  detected  DDD,  DDE,  DDT,  and  Dieldrin  in 
river  waters.  The  station  has  not  been  in  operation  long  enough 
to  ascertain  the  significance  of  these  pesticide  materials. 

Tributaries 

The  major  tributaries  in  the  Yakima  Subregion  are  the 
Kachess,  Cle  Elum,  Bumping,  American,  Tieton,  and  Naches  Rivers; 
and  North  Fork  Ahtanum  Creek,  South  Fork  Ahtanum  Creek,  and 
Wilson  Creek.  In  general,  these  streams  are  of  excellent  mineral 
and  physical  character. 

The  tributaries  are  usually  swift  flowing  and  well  aerated. 
Available  data  indicate  that  the  mean  dissolved  oxygen  level  for 
all  tributaries  is  above  10.0  mg/1.  The  minimum  value  observed 
has  been  8.5  mg/1. 

Wilson  Creek  and  Teanaway  River  are  the  only  major  tribu- 
taries that  show  average  coliform  densities  above  the  limit  for 
safe  water-contact  recreation  (1,000  organisms/100  ml).  The  maxi- 
mum bacterial  counts  recorded  have  been  11,000  organisms/100  ml 
in  Wilson  Creek  and  23,000  organisms/100  ml  in  the  Teanaway  River. 
Many  irrigation  return  drains  to  the  Yakima  River  are  considered 
to  have  high  bacterial  counts,  and  studies  have  shown  higher 
coliform  densities  in  return  flows  than  those  observed  in  the 
applied  water.  (15)  This  was  probably  caused  by  the  drainage  of 
livestock  wastes. 

The  tributaries  of  the  Yakima  River  are  generally  a very 
soft  calcium  bicarbonate  type  water  with  a low  dissolved  solids 
concentration.  Wilson  Creek  is  the  only  stream  with  a dissolved 
solids  concentration  above  100  mg/1. 

The  streams  usually  have  low  levels  of  nutrients  (phosphate 
and  nitrate)  and  trace  elements.  As  a result,  most  streams  do  not 
suffer  from  heavy  aquatic  growths  which  burden  the  lower  Yakima 
River.  However,  Wilson  Creek  has  an  average  nitrate  concentration 
of  0.77  mg/1  (as  N) . No  data  are  available  concerning  phosphate 
levels.  The  creek  periodically  exhibits  heavy  algal  growths.  The 
condition  is  probably  promoted  by  the  discharge  of  domestic  and 
food-processing  wastes  in  the  Ellensburg  area. 
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No  suspended  sediment  data  are  available  for  tributaries 
of  the  Yakima  River.  However,  the  low  sediment  yields  which 
characterize  the  area  indicate  that  the  streams  generally  carry 
light  sediment  loads. 

Summary  of  Problems 

A graphical  summary  of  water  quality  problem  areas  in  the 
Yakima  Subregion  is  presented  in  figure  26. 

Low  summer  flows  in  the  lower  reaches  of  the  Yakima  River 
are  detrimental  to  fish  passage,  both  from  a quantity  standpoint 
and  from  a quality  standpoint.  The  low  flows,  particularly  below 
the  Sunnyside  and  Prosser  diversions,  affect  water  quality  and 
temperature . 

j 

High  nutrient  concentrations  stimulate  excessive  growths 
of  nuisance  aquatic  blooms  from  Wilson  Creek  to  the  mouth  of 
the  river. 

Coliform  densities  greater  than  the  limit  for  safe  water- 
contact  recreation  exist  in  the  Yakima  River  from  Ellensburg  to 
the  mouth.  This  condition  results  from  inadequately  chlorinated 
municipal  wastes,  irrigation  return  flows,  and  from  agricultural 
drainages . 

The  State  of  Washington  has  been  actively  working  to  cor- 
rect the  bacterial  problem  in  the  middle  and  lower  river.  In 
addition,  because  of  the  low  flows  in  the  Yakima  River,  the  state 
is  requiring  all  communities  and  industries  to  reduce  wastes  to  at 
least  the  level  achieved  by  conventional  secondary  treatment.  The 
state  also  has  a program  to  reduce  wastes  from  agricultural 
drainage. 


FUTURE  WATER  QUALITY  MANAGEMENT  NEEDS 

Based  on  the  projected  economic  development  of  the  Yakima 
Subregion,  the  population  is  expected  to  increase  from  184,500 
in  1965  to  327,000  in  2020.  This  is  an  increase  of  77  percent  for 
the  subregion,  compared  with  121  percent  for  the  region. 

Figure  27  shows  the  projected  subbasin  population  for  the 
years  1980,  2000,  and  2020.  The  projected  service  area  populations 
for  municipal  and  rural  categories  are  presented  in  table  50.  By 
2020,  nearly  two-thirds  of  the  subregion's  population  is  expected 
to  be  located  in  the  Yakima  Service  Area. 
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Table  50  - Projected  Population.  Subregion  3 1 / 


( 

t 


I 


1980 

2000 

(thousands) 

2020 

Yakima  Service  Area 

101.0 

149.1 

213.0 

Municipal 

89.3 

143.3 

213.0 

Rural 

11.7 

5.8 

- 

Other 

110.2 

109.3 

114.0 

Municipal 

43.2 

46.3 

52.0 

Rural 

67.0 

63.0 

62.0 

Total  Subregion 

211.2 

258.4 

327.0 

Municipal 

132.5 

189.6 

265.0 

Rural 

78.7 

68.8 

62.0 

\J  Derived  from  Economic  Base  and  Projections,  Appendix  VII, 

Columbia-North  Pacific  Framework  Study,  January  1971  and  from 
North  Pacific  Division  Corps  of  Engineers  Data.  Differences 
between  totals  in  this  table  and  source  are  due  to  differences 
in  subregion  boundaries.  The  source  is  based  on  economic 
boundaries  and  this  table  is  based  on  hydrologic  boundaries. 
'The  municipal  population  is  defined  as  that  population  dis- 
charging wastes  to  a municipal  sewerage  system.  The  rural 
population  is  defined  as  the  residual. 

Industrial  development  will  continue  to  be  based  on  agri- 
cultural, food-processing,  and  associated  industries.  The  food 
products  industry  is  expected  to  double  as  more  lands  are  irri- 
gated. The  lumber  and  wood  products  industry  is  not  expected  to 
increase  significantly. 


Future  Waste  Production 


Municipal 

The  projected  municipal  raw  waste  production  for  the  Yakima 
Subregion  is  presented  in  table  51.  The  population  served  by 
municipal  waste  collection  and  treatment  systems  is  expected  to 
increase  from  53  percent  in  1967  to  81  percent  by  the  year  2020. 

It  has  been  assumed  that  the  entire  population  in  the  service  area 
will  be  served  by  municipal  systems  at  that  time. 
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Table  51  - Projected  Municipal  Raw  Organic  Waste  Production, 

Subregion  31/ 


1970 

1980 

(1,000’ 

2000 
’s  P.E.) 

2020 

Yakima  Service  Area 

92.4 

111.6 

179.1 

266.2 

Other 

44.6 

54.0 

57.9 

65.1 

Total  Subregion 

137.0 

165.6 

237.0 

331.3 

\J  A factor  of  1.25  was  applied  to  the  municipal  population  com- 
ponents to  account  for  the  effects  of  small  commercial 
establishments  and  other  urban  activities  which  add  to 


municipal  waste  loads. 

The  Yakima  Service  Area  is  expected  to  produce  80  percent 
of  the  subregion's  municipal  waste  production,  as  compared  with 
67  percent  at  the  present  time. 


Industrial 

Projected  raw  organic  waste  production  for  the  major 
industrial  categories  are  presented  in  table  52  for  the  years 
1980,  2000,  and  2020.  The  food  products  industry  will  continue 
to  be  the  largest  organic  waste  source,  contributing  approximately 
99  percent  of  the  industrial  waste  production. 


Table  52  - Projected  Industrial  Raw  Organic  Waste  Production, 

Subregion  3 1 J (5)  (17) 


1970 

1980 

(1,000' 

2000 
s P.E.) 

2020 

Food  Products 

Kittitas  County 

55 

125 

180 

240 

Yakima  County 

440 

932 

1,350 

1 ,990 

Yakima  Service  Area 

228 

482 

690 

1,040 

Other  (downstream  from  Yakima) 

212 

450 

660 

950 

Benton  County 

57 

143 

200 

270 

TOTAL 

552 

1 , 20C 

1,730 

2,500 

Lumber  and  Wood  Products 

Yakima  Service  Area  1.2  1.5  1.9  2.1 

TOTAL  553.2  1,201.5  1,731.9  2,502.1 

17  Base  data  from  FWPCA  Inventory  of  Municipal  and  Industrial 
Wastes,  Yakima  Subregion,  1965. 
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In  general,  increases  in  waste  production  are  expected  to 
occur  at  existing  operations  for  most  industries. 

Rural-Domestic 

The  projected  rural-domestic  waste  production  for  the 
Yakima  Subregion  is  summarized  in  table  53  for  the  years  1980, 

2000,  and  2020.  The  rural-domestic  waste  production  was  assumed 
to  be  equal  to  the  rural  population  component  shown  in  table  51. 

The  rural  waste  production  is  expected  to  remain  relatively  stable. 

Table  53  - Projected  Rural  Domestic  Raw  Organic  Waste  Production, 

Subregion  3 

1970  1/  1980  2000  2020 

(1,000's  P.E.) 

Total  Subregion  83.8  78.7  68.8  62.0 

1/  Interpolated  from  1965  data  and  1980  projections. 

Irrigation 

About  505,000  acres  are  presently  irrigated  in  the  Yakima 
Subregion,  requiring  an  annual  diversion  rate  of  4.9  acre-feet 
per  acre.  Irrigated  acreage  is  projected  to  increase  to  550,000 
acres  by  1980;  570,000  acres  by  2000;  and  610,000  acres  by  2020. 
More  efficient  use  and  application  of  water  are  expected  to  reduce 
the  diversion  rate  to  approximately  3 acre-feet  per  acre,  which 
would  decrease  the  actual  diversion  from  2.5  million  acre-feet 
per  year  at  present  to  1.8  million  acre-feet  per  year  by  2020. 
However,  irrigation  developments  will  still  need  to  be  studied 
individually  to  evaluate  the  impact  on  water  quality. 

The  potential  exists  for  detrimental  effects  to  water 
quality  from  increases  in  silt,  fertilizers,  pesticides,  salt, 
and  temperature  in  excess  or  waste  water  from  irrigated  agri- 
cultural lands.  In  addition,  irrigation  also  raises  the  natural 


ground-water  table  and  results  in  ground  water,  with  a salt 
content  of  approximately  five  times  that  of  natural  ground  water. 


Other  Land  Uses 

Projections  of  land  use  in  the  subregion,  by  major  types, 
are  shown  in  table  54. 


159 


i 


Table  54  - Present 

and  Projected 

Land  Use, 

Subregion  3 

(5)  (8) 

1966 

1980 

(thousands 

2000 

of  acres) 

2020 

Land  Use 

Cropland 

686 

724 

736 

768 

Irrigated 

(490) 

(536) 

(552) 

(590) 

Nonirrigated 

(196) 

(188) 

(184) 

(178) 

Forest 

1,509 

1,500 

1,490 

1,468 

Range  1/ 

1,535 

1 ,486 

1,462 

1,428 

Other  2/ 

121 

135 

153 

173 

Total 

3,851 

3,845 

3,841 

3,837 

1 J Does  not  include  forest  range. 

27  Includes  barren  land,  roads,  railroads,  small  water  areas, 


urban  and  industrial  areas,  farmsteads,  etc. 

The  projections  show  that  croplands  will  increase  by 
approximately  12  percent  by  the  year  2020,  whereas  range  and 
pasture  show  a 7 percent  decrease  for  the  same  period. 

The  production  and  transport  of  sediment,  which  is  gener- 
ally the  most  significant  quality  impairment  resulting  from  land 
use,  are  expected  to  increase  proportionately  to  land  use. 
Increased  use  of  fertilizers  on  crop  and  pastureland  will  create 
a potential  source  of  nutrients,  which  will  continue  to  aggravate 
the  algal  problems.  Pesticides  applied  to  these  lands  can  also 
have  detrimental  effects  on  the  stream  ecology. 


Agricultural  Animals 

The  raw  organic  waste  production  by  the  livestock  popula- 
tion in  the  subregion  is  expected  to  be  equivalent  to  that  from  a 
population  of  3,400,000  in  1980;  4,500,000  in  2000;  and  5,900,000 
in  2020.  This  would  account  for  approximately  66  percent  of  the 
total  raw  organic  waste  production  for  the  subregion.  Presently, 
most  of  the  waste  remains  on  the  land  and  decomposes  by  natural 
processes.  However,  it  is  expected  that  a larger  percentage  of 
the  cattle  will  be  on  feedlots  by  the  year  2020,  and  less  waste 
will  be  left  on  the  land. 

Animals  concentrated  in  feedlots  that  are  located  along 
streams  cause  accelerated  erosion  as  well  as  intensifying  the 
potential  for  increase  in  coliform  bacteria,  nutrients,  and  bio- 
chemical oxygen  demand  in  the  water. 
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Recreation 

As  shown  in  table  55,  wastes  generated  by  recreational 
activity  are  projected  to  increase  to  195,000  PE  by  2020--more 
than  4 times  present  levels. 


Table  55  - Projected  Recreation  Wastes,  Subregion  3 1/ 


Year  Population  Equivalents 


105,500 
195,000 

T7  Bureau  of  Outdoor  Recreation  and  U.S.D.A.  PoTest  Service 
Projections  for  total  man  recreation  days  (TMRD) . 

In  the  determination  of  wastes  from  recreation  activities, 
the  population  equivalent  is  based  on  the  total  annual  recreation 
days.  The  values  represent  the  daily  raw  waste  production  for  a 
typical  summer  weekend. 


Other  Factors  Influencing  Quality 


Although  mining  activities  are  at  a low  ebb,  the  Yakima 
Subregion  contains  the  greatest  number  of  copper  mines  in  the 
state,  and  there  is  a potential  for  future  discoveries  and  sub- 
stantial future  production  of  copper  and  silver.  Mining  wastes, 
if  not  adequately  controlled,  will  have  an  adverse  effect  on 
water  quality.  Sand  and  gravel  production  is  expected  to  remain 
consistently  high  and  is  also  a threat  to  water  quality  if  not 
controlled. 


Quality  Goals 

Water  quality  standards  were  adopted  by  the  State  of 
Washington  after  holding  public  hearings.  These  standards  are  the 
basis  for  the  water  quality  goals  in  this  study. 

The  common  parameters  generally  used  are  dissolved  oxygen 
concentration,  temperature,  turbidity,  and  coliform  density.  The 
water  quality  standards  are  summarized  in  table  56. 


Table  57,  taken  from  the  Washington  Water  Quality 
Standards,  shows  the  water  classification  and  use. 

The  uses  and  criteria  given  are  not  inclusive,  and  the 
Water  Quality  Standards  should  be  consulted  for  specific  informa- 
tion. A copy  of  the  standards  is  available  upon  request  from  the 
Washington  Water  Pollution  Control  Commission. 


MEANS  TO  SATISFY  DEMANDS 

Preserving  water  quality  in  the  Yakima  Subregion  to  ade- 
quately support  the  river  system's  functions  will  require  a 
coordinated  program  of  waste  reduction,  flow  regulation,  applica- 
tion of  waste-controlling  techniques,  and  development  of  a system 
of  cooperative  management  of  the  subregion  for  pollution  control. 
The  achievement  and  preservation  of  good  water  quality  are  based 
upon  people  operating  within  the  context  of  a political,  social, 
and  economic  system.  The  attainment  of  adequate  water  quality 
will  require  an  efficient,  adequately  staffed  and  funded  water 
quality  management  system  for  attacking  the  water  pollution 
problem. 


Waste  Treatment 


Future  Waste  Discharges 


Adequate  waste  collection  and  treatment  facilities  are  the 
primary  means  for  achieving  water  quality  objectives  in  the  Yakima 
Subregion.  If  additional  requirements  and  actions  become  necessary 
to  attain  the  desired  quality  levels,  the  standards  and  implementa- 
tion plan  will  have  to  be  revised  accordingly. 

For  the  purpose  of  this  study,  it  is  assumed  that  treatment 
efficiencies  consisting  of  organic  removal  of  85  percent  in  1980, 
and  90  percent  in  2000  and  2020  will  be  maintained  basinwide  for 
all  waste  discharges.  In  some  cases,  it  may  be  practical  to 
provide  higher  degrees  of  waste  treatment  for  removal  of  residual 
organic  materials  and  nutrients. 

Based  on  the  above  treatment  levels  and  raw  waste  projec- 
tions presented  earlier,  the  projected  municipal  waste  loadings 
to  be  discharged  to  the  waters  are  shown  in  table  58.  The  largest 
industrial  organic  waste  loads  are  from  the  food-processing 
industries  during  the  late  summer  and  fall  months.  Since  a large 
portion  of  the  waste  is  applied  to  the  land  and  non-overflow 
lagoons,  it  is  assumed  that  only  15  percent  of  the  waste  reaches 
the  streams.  The  waste  loadings  presented  in  table  59  for  major 
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Table  56  - Water  Classification  and  Criteria  (22),  Subregion  3 


Water  Quality 
Standards 


Class  AA 
Extraordinary 


Class  A 
Excellent 


Class  B 
Good 


Coliform 
Dissolved  oxygen 
Temperature  1 J 
pH 

Turbidity 
Aesthetic  values 


50  MPN  240  MPN  1,000  MPN 

9.5  mg/1  8.0  mg/1  6.5  mg/1 

60°F . 65°F . 70°F . 

6. 5-8. 5 6. 5-8. 5 6. 5-8. 5 

5 JTU  5 JTU  10  JTU 

Shall  not  be  impaired  by  the  presence  of 
materials  or  their  effects,  excluding 
those  of  natural  origin,  which  offend  the 
sense  of  sight,  smell,  touch,  or  taste. 


1 J For  all  classes,  the  permissible  increase  in  temperature  over 
natural  conditions  is  less  than  1.8°F. 


Table  57  - Water  Classification  and  Use,  Subregion  5 (22) 


AA  - Extraordinary 
A - Excellent 
B - Good 
L - Light 
M - Moderate 
H - Heavy 


Yakima  River  from  headwaters  to  confluence  of 
Cle  Eium  River 


Yakima  River  from  Cle  Elum  River  to  Wilson  Creek 
Yakima  River  from  Wilson  Creek  to  Sunnvside  Dam 


Yakima  River  from  Sunnvside  Dam  bridge  to 
confluence  with  Columbia  River 


Cl-  Eium  River  from  headwaters  to  Cle  Elum  Lake 


Cle  Elum  River  from  Cle  Elum  Lake  to  confluence 
with  Yakima  River 


Naches  River  from  headwaters  to  Snoquaimie 
National  Forest  boundary 


Naches  River  from  Snoquaimie  National  Forest 
boundary  to  confluence  with  Yakima  River 


Bumping  River  from  headwaters  to  confluence  with 
Naches  River 


American  River  from  headwaters  to  confluence  with 
Bumping  River 


Tieton  River  from  headwaters 
Naches  River 


confluence  with 
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industrial  categories  assume  £5  percent  removal  in  1980  and  90 
percent  removal  in  2000  and  2020.  The  total  municipal  and 
industrial  organic  waste  discharges  are  expected  to  be  205,000  PE 
in  1980;  196,900  PE  in  2000;  and  283,300  PE  in  2020. 

Table  58  - Projected  Municipal  Organic  Waste  Discharges,  Subregion  3 


Yakima  Service  Area 
Other 

Total  Subregion 

1980 

16.7 
8.1 

24.8 

2000 

(1,000's  P.E.) 

17.9 

5.8 

23.7 

2020 

26.6 

6.5 

33.1 

Table  59  - Projected  Industrial  Organic  Waste  Discharges, 

, Subregion  3 

1980 

2000 

2020 

(1,000's  P.E.) 

Food  Products 

Kittitas  County 

18.8 

18.0 

24.0 

Yakima  County 

139.8 

135.0 

199.0 

Yakima  Service  Area 

(72.3) 

(69.0) 

(104.0) 

Other  (downstream) 

(67.5) 

(66.0) 

(95.0) 

Benton  County 

21.4 

20.0 

27.0 

180.0 

173.0 

250.0 

Lumber  and  Wood  Products 

Yakima  Service  Area 

0.2 

0.2 

0.2 

TOTAL 

180.2 

173.2 

250.2 

Treatment  Costs 


Curves  showing  estimated  costs  of  constructing  (total 
capital)  and  operating  (annual  operation  and  maintenance)  municipal 
sewage  treatment  plants  for  various  treatment  levels  are  presented 
in  the  "Means  to  Satisfy  Demands"  section  of  the  Regional  Summary. 


Other  Pollution  Control  Practices 


Irrigation  return  flows  have  a detrimental  effect  on  the 
water  quality  of  the  Yakima  River  and  its  tributaries  by  increas- 
ing total  solids,  nutrients,  coliform  bacteria,  and  temperature. 
Because  treatment  of  most  irrigation  return  flows  is  not  feasible. 


T 
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FIGURE  28,  Minimum  Flow  Needs  to  Maintain  Washington  Dissolved 
Oxygen  Standards  Criteria  (Elevation  1000  feet) 


FIGURE  29. 


Minimum  Flow  Needs  to  Maintain  Washington  Dissolved 
Oxygen  Standards  Criteria  (Elevation  2000  feet) 
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FIGURE  31 


Minimum  Flow  Needs  for  Water  Quality  Control 
Yakima  River  at  Yakima 


other  means  of  controlling  quality  are  necessary.  Research  is 
currently  being  conducted  to  develop  methods  of  applying  irriga 
tion  waters,  fertilizers,  and  pesticides  that  will  improve  the 
quality  of  the  return  flows. 


Rural  waste  will  be  of  major  significance  in  the  subregion 
The  disposal  of  rural  waste  to  septic  tanks  and  drainage  fields 
will  continue  to  represent  a hazard  to  the  ground-water  aquifer. 
High  ground-water  levels  resulting  from  irrigation  flows  create 
additional  problems  with  the  subsurface  waste  disposal  systems. 
Discharging  higher  quality  effluent  than  septic  tank  effluent  to 
the  drainage  fields  would  help  to  correct  the  problem. 


The  large  animal  population  in  the  subregion  represents  the 
largest  potential  source  of  organic  wastes;  however,  most  of  the 
waste  reduction  remains  on  the  land  and  does  not  reach  the  water 
ways.  This  situation  is  rapidly  changing  with  the  increased  use 
of  feedlots.  The  animals  are  concentrated  in  greater  numbers  n 
smaller  areas,  and  waste  disposal  is  a problem.  Fences  and  - 1 
retaining  structures  between  the  animal  habitat  and  watercom 
should  be  provided  in  order  to  prevent  bank  erosion  and  to  1 * 


A036  557 


UNCLASSIFIED 


PACIFIC  NORTHWEST  RIVER  BASINS  COMMISSION  VANCOUVER  WASH  F/G  B/ft 

COLUMBIA-NORTH  PACIFIC  REGION  COMPREHENSIVE  FRAMEWORK  STUOY  OF  ETC(U) 

DEC  71  D C GIPE.  H E GERElx,  C T NADLER 


3 0f^ 

36557 

B 

a 

'•  ! 

r 

— 

m 

L 

a 

j 

j 

jj 

j 

L 

’ jJ 
_l 

. \ 

i 

» — J 

L, 

1 

. 

i 

s 

Jj  f 



L 





direct  surface  drainage  to  the  stream.  The  waste  must  be  collec- 
ted for  treatment  or  to  be  spread  on  the  land  as  a soil  conditioner. 


Minimum  Flow  Requirements 

Since  waste  treatment  does  not  provide  an  economic  solution 
for  complete  removal  of  contaminants  from  waste  streams  and  provides 
no  control  of  waste  discharges  from  non-point  sources,  some  stream- 
flow  is  necessary  for  dilution  and  assimilation  of  residual  wastes. 
The  minimum  flow  requirements  for  assimilation  of  wastes  are  rela- 
ted to  a number  of  factors,  including  the  strength  and  deoxygena- 
tion capacity  of  the  wastes;  and  the  temperature,  reaeration 
capacity,  elevation,  and  minimum  allowable  dissolved  oxygen  con- 
centration of  the  receiving  stream. 


A set  of  generalized  curves  showing  minimum  flow  require- 
ments for  waste  loadings  subjected  to  various  treatment  levels  is 
presented  in  figures  28  and  29.  Figure  30  shows  generalized  areas 
to  which  the  graphs  are  applicable.  The  curves  designated  for 
1,000  feet  can  be  used  on  the  area  which  is  below  1,500  feet  and 
the  2,000-foot  curves  on  the  area  above  1,500  feet. 


Yakima  Service  Area 

The  population  of  the  Yakima  Service  Area  is  projected  to 
increase  from  79,100  in  1965  to  213,000  in  2020.  The  food- 
processing industry  will  continue  to  represent  the  major  industrial 
waste  source,  with  an  estimated  raw  waste  production  of  1,040,000 
PE  in  2020. 

Figure  31  shows  the  minimum  streamflow  requirements  for 
1980,  2000,  and  2020  for  assimilation  of  organic  waste. 


Other  Minimum  Flow  Requirements 

In  the  preceding  section,  only  oxygen-demanding  wastes  from 
a controllable  source  were  considered  in  developing  the  set  of 
generalized  curves  for  determining  minimum  streamflows.  Wastes 
from  irrigation  return  flows,  feedlots,  and  other  non-control  led 
sources  also  deteriorate  water  quality  by  contributing  organics, 
nutrients,  coliform  bacteria,  and  turbidity;  and  by  increasing 
water  temperature.  In  addition,  a variety  of  chemical  substances 
are  applied  to  the  lands  during  the  growing  season  for  such 
purposes  as  insect  control  in  forests,  insect  and  weed  control 
on  agricultural  lands,  and  weed  control  in  irrigation  channels. 
Many  of  these  chemicals  are  flushed  into  the  streams.  Minimum 
flows  are  required  to  dilute  and  assimilate  these  wastes. 


168 


It  appears  that  more  efficient  application  of  irrigation 
water  should  be  employed  which  will  reduce  the  return  flows  and 
leave  more  water  available  for  higher  minimum  streamflows. 


Management  Practices 


The  state  occupies  a strategic  position  in  water  quality 
management.  It  is  the  focal  point  and  has  a major  responsibility 
for  water  pollution  control.  The  capacity  to  control  the  water 
resources  is  an  important  factor  in  preserving  water  quality  of 
the  streams.  Minimum  streamflows  must  be  guaranteed  both  now  and 
in  the  future  to  assimilate  the  waste  that  enters  the  streams. 

Stronger  land  use  controls  and  other  associated  controls 
must  be  developed:  (1)  that  give  significant  attention  to  the 

physical  capabilities  of  the  water;  and  (2)  that  give  protection 
to  the  various  uses  of  water.  Conflicting  uses  of  water  will 
increase  in  future  years  as  the  demand  for  water  increases. 
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SUBREGION 
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UPPER  SNAKE 


INTRODUCTION 

The  Upper  Snake  Subregion  drains  an  area  of  35,857  square 
miles  in  Idaho,  Wyoming,  Nevada,  and  Utah.  The  Snake  River  is 
the  dominant  stream  traversing  the  subregion  from  east  to  west. 

From  its  headwaters  in  Yellowstone  National  Park,  the  river  flows 
some  500  miles,  skirting  the  Snake  River  Plain  on  the  south  before 
it  leaves  the  subregion  on  the  west.  The  major  tributaries  are 
generally  in  the  southern  and  eastern  portions  of  the  subregion. 

A large  area  north  of  the  Snake  River  is  drained  by  streams  which 
sink  into  the  lava  fields.  The  extensive  aquifer  beneath  the  Snake 
River  Plain  is  a distinguished  hydrologic  feature. 

The  climate  varies  throughout  the  subregion  because  of  its 
size  and  wide  range  in  elevations.  The  climate  is  characterized 
by  warm-to-hot,  dry  summers  and  cold  winters,  during  which  most  of 
the  precipitation  falls.  Extreme  temperatures  recorded  range  from 
-60  to  110°F.  (-51  to  43°  C.).  The  average  growing  season  on  the 
Snake  River  Plain  ranges  from  140  to  150  days  at  the  lower  end  of 
the  plain  to  about  100  days  at  the  upper  end.  The  average  annual 
precipitation  ranges  from  10  to  60  inches. 

Agriculture  and  food-processing  are  the  primary  economic 
activities.  There  are  over  two  million  acres  of  irrigated  land. 

The  principal  crops  grown  and  processed  are  potatoes  and  sugar 
beets.  The  National  Reactor  Testing  Station  is  also  an  important 
economic  factor.  The  phosphate  industry  in  southeastern  Idaho 
is  the  center  of  western  phosphate  resources  and  production. 
Recreation  and  tourism  are  important  segments  of  the  economy. 

Grand  Teton  National  Park,  a portion  of  Yellowstone  National  Park, 
Craters  of  the  Moon  National  Monument,  and  several  National 
forests  are  significant  attractions.  In  addition,  the  subregion 
also  contains  two  of  the  Nation's  best  winter  sport  areas 
(Jackson  Hole  and  Sun  Valley). 

The  total  population  of  the  subregion  is  about  302,000 
people.  About  49  percent  reside  in  the  four  major  service  areas. 
The  population  density  in  the  remainder  of  the  area  is  low--often 
less  than  one  person  per  square  mile  in  large  areas. 
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The  Upper  Snake  Subregion  (figure  32)  is  divided  into  the 
Henrys  Fork,  Snake  Plains,  and  Main  Stem  Snake  Subbasins.  The 
major  service  areas  are  the  Idaho  Falls,  Pocatello,  Burley  and 
Twin  Falls  areas. 


PRESENT  STATUS 

The  major  waste  sources  in  the  Upper  Snake  Subregion  are 
the  food-processing  industries,  particularly  potato  processing 
and  sugar  refining;  municipalities;  agricultural  animals;  and 
irrigation  return  flows.  A graphical  summary  of  the  municipal 
and  industrial  organic  waste  production  and  discharge  is  also 
presented  in  figure  32.  The  magnitude  of  wastes  from  agricultural 
animals  and  irrigation  return  flows  is  not  readily  identifiable. 

Water  pollution  is  relatively  new  to  the  Upper  Snake  Sub- 
region;  however,  wastes  from  a concentrated  population,  rapid 
industrial  growth,  and  a water  regulation  system  based  largely 
on  irrigation  and  power  needs  have  resulted  in  repeated  instances 
of  water  pollution.  Water  quality  declines  moderately  but 
progressively  through  the  reach  of  the  Upper  Snake.  Nutrient 
concentrations  rise  at  a rapid  rate,  accounting  for  dense  algal 
and  weed  growths;  and  are  accompanied  by  increases  in  dissolved 
solids,  biochemical  oxygen  demand,  bacteria,  and  temperature. 
Dissolved  oxygen  concentrations  are  usually  above  levels  neces- 
sary to  support  salmonid  fish,  although  localized  dissolved  oxygen 
depressions  have  occurred. 


Stream  Characteristics 


The  Snake  River,  flowing  westward  through  the  subregion, 
has  its  source  in  the  remote  areas  of  Yellowstone  Park  and  is  fed 
by  such  major  tributaries  as  the  Gros  Ventre,  Hoback,  and  Greys 
Rivers  in  Wyoming,  and  Henrys  Fork,  Blackfoot,  Portneuf,  Big  Wood, 
Buffalo  Fork,  and  Salt  Rivers  in  Idaho.  In  the  north-central 
portion  of  the  subregion,  the  Big  Lost  and  Little  Lost  Rivers, 

Birch  Creek,  and  several  other  streams  have  no  surface  outlet  to 
the  Snake  River,  but  disappear  into  the  very  porous  soil  in  the 
desert  area  of  Butte  and  Jefferson  Counties. 

At  Heise,  where  the  flow  of  the  Snake  River  is  measured 
above  irrigation  diversions  in  Idaho,  the  average  annual  discharge 
is  about  4.7  million  acre-feet.  Below  Milner  Dam,  some  250  miles 
downstream,  a residual  flow  averaging  1.1  million  acre-feet  remains 
after  irrigation  diversions  and  natural  losses  to  ground  water. 
Below  Milner,  substantial  inf low--principally  from  large  springs-- 
increases  the  average  flow  of  the  Snake  River  to  about  6.2  million 
acre-feet  at  King  Hill. 
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of  inadequately  treated  municipal  and  industrial  wastes  and 
extremely  low  flow  releases  from  the  reservoir  has  resulted  in 
dissolved  oxygen  depressions  and  fish  kills.  Heavy  algal  growths 
in  American  Falls  Reservoir  have  resulted  in  wide  diurnal  fluctua- 
tions in  the  dissolved  oxygen  concentration,  which  caused  a fish 
kill  in  1967.  In  the  Snake  River  below  Idaho  Falls  and  in  the 
Henrys  Fork  and  South  Fork  Teton  Rivers,  complete  flow  interrup- 
tions for  maintenance  of  head  gates  at  irrigation  diversions,  in 
combination  with  residual  municipal  and  industrial  waste  loadings, 
have  resulted  in  pollution  conditions. 


Ground-Water  Characteristics 


There  are  four  major  aquifer  units  of  importance  in  the 
utilization  of  ground  water  in  Subregion  4.  The  two  younger  units, 
the  alluvium  and  the  Snake  River  basalt,  are  major  aquifer  units 
throughout  much  of  the  subregion.  These  aquifers  support  very 
large  developments,  especially  for  irrigation.  Well  yields  are 
commonly  from  1,000  to  3,000  gpm.  In  some  places  the  lacustrine 
deposits  yield  acceptable  quantities  of  water  for  irrigation. 

Silicic  volcanic  rocks  crop  out  over  extensive  areas, 
chiefly  south  of  and  around  the  eastern  margin  of  the  Snake  River 
Plain.  This  unit  yields  large  supplies  of  water  to  wells  south- 
east of  Rexburg. 

The  younger  consolidated  and  semi-consolidated  sedimentary 
strata  crop  out  widely  south  of  the  Snake  River  Plain.  Generally, 
these  yield  only  small  supplies  of  water. 

The  waters  of  all  aquifer  units  in  the  subregion  are 
generally  of  excellent  quality.  In  general,  the  only  quality 
problems  associated  with  ground-water  sources  are  local  bacterio- 
logical contamination  from  humans,  livestock,  or  irrigation  where 
the  high  porosity  of  soils  allows  the  rapid  movement  of  bacteria 
to  the  aquifers.  Careful  monitoring  of  ground-water  sources  is 
needed  in  several  areas  to  prevent  the  occurrence  of  severe  public 
health  hazards.  Concern  has  also  been  expressed  in  the  Snake 
Plains  about  the  disposal  to  ground  waters  of  low-level  radioactive 
wastes  from  the  National  Reactor  Testing  Station. 

A more  detailed  discussion  of  ground  water  in  Subregion  4 
is  presented  in  Appendix  V. 


Pollution  Sources 

Municipal  and  industrial  waste  production  and  discharges, 
in  population  equivalents,  are  summarized  by  subbasin  in  table  62. 
At  present,  municipalities  and  industries  produce  wastes  equiva- 
lent to  those  from  a population  of  2.83  million  persons.  Of  this 
total,  91  percent  is  generated  by  the  food-processing  industry, 
including  66  percent  by  potato-processing  and  19  percent  by  sugar- 
refining; and  5 percent  originates  from  municipal  sources. 

Waste  treatment  and  other  means  of  waste  reduction  decrease 
the  total  organic  load  to  the  subregion's  waters  by  about  53  per- 
cent, so  that  1.32  million  population  equivalents  actually  reach 
waterways.  Of  this  total,  144,800  PE  are  released  by  municipali- 
ties, and  1,170,450  PE  are  discharged  by  industries. 


Municipalities 


Treatment  practices  are  generally  adequate,  with  the 
exception  of  several  communities  having  no  waste  collection  or 
treatment  systems.  Most  notable  among  these  are  the  cities  of 
Ketchum,  Hailey,  and  Shoshone  with  populations  of  about  750,  1,190, 
and  1,420  persons,  respectively.  However.  Ketchum  and  Hailey 
have  received  grants  for  construction  of  interceptors  and  lagoons. 


Main  Stem  Snake  Subbasin  Approximately  116,130  persons, 
or  51  percent  of  the  population  of  the  Main  Stem  Snake  Subbasin, 
are  served  by  municipal  waste  treatment  facilities.  Of  the  22 
municipal  waste  systems,  three  presently  provide  secondary  treat- 
ment; however,  two  of  these  facilities  need  enlargement  or  replace 
ment  to  handle  current  loads.  All  eight  communities  having  pri- 
mary plants  must  convert  to  secondary  treatment  in  order  to  meet 
minimum  State  Water  Quality  Standards.  Ten  communities  have 
lagoons,  which  generally  achieve  an  adequate  treatment  level. 

One  community  provides  a septic  tank,  but  must  convert  to  second- 
ary treatment  to  satisfy  minimum  standards. 


Municipal  waste  sources  account  for  a waste  loading  of 
about  141,400  PE  to  the  waters  of  the  subbasin.  In  general, 
waste  loading  points  tend  to  be  discrete,  well  separated,  and 
characterized  by  concentrated,  rapidly  growing  waste  loads.  A 
large  portion  of  this  municipal  oxygen-demanding  load  can  be 
attributed  to  industries  which  discharge  wastes  to  municipal 
systems.  In  many  cases,  this  combined  treatment  results  in 
economic  and  treatment  efficiency  advantages  for  both  municipali- 
ties and  industries. 


In  the  Wyoming  headwaters  and  tributaries  of  the  Snake, 
municipal  waste  sources  are  few;  the  only  communities  with 
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Table  t>2  - Summary  of  Municipal  and  Industrial  W.i^te  treatment,  Subregion  4 I 


Municipal 

Indust ri il 

Primary  Secondary  Lagoons  other 

Total 

Food  P_ro.ce » s Ing 
Sugar  Potato  Other 

Total 

Henrvs  Fork  Subbasin 
Number  of  facilities 

0 

0 

4 

1 

0 

2 

5 

Population  served 

0 

0 

7,000 

820 

7,820 

PE  produced 

0 

0 

9,100 

9.100 

0 

1U5.000 

1,000 

PE  discharge-' 

0 

0 

1,360 

- 

1,360 

0 

57.000 

400 

57,400 

X removal  efficiency 

" 

' 

85 

85 

- 

46 

60 

46 

Snake  Plain  Subbastn 

Number  of  facilities 

1 

3 

1 

1 

6 

0 

0 

4 

4 

Population  served 

1.500 

5.400 

600 

4,670 

12.170 

PE  produced 

1,500 

6,400 

600 

4,670 

13.170 

0 

0 

19,000 

19,000 

PE  discharged 

1,000 

980 

60 

0 

2,040 

0 

0 

12,500 

12,500 

X remev.  ' efficiency 

33 

85 

90 

100 

84 

- 

34 

34 

Man  Stem  Snake  Subbasin 

Number  of  facilities 

8 

3 

10 

1 

2? 

3 

19 

25 

47 

Population  served 

90,140 

7 , 300 

17,790 

900 

116,130 

PE  produced 

179,940 

25,300 

27.290 

1 ,2  00 

233,730 

540,000 

1.773.000 

133,350 

2,446,3 

PE  discharged 

127,070 

10,430 

2,800 

1 .100 

141,400 

321,000 

757,300 

22,250 

1,100,550 

X removal  efficiency 

29 

59 

90 

e 

40 

40 

58 

83 

55 

Total 

Number  of  facilities 

9 

6 

15 

3 

33 

3 

21 

32 

56 

Population  served 

91,640 

12,700 

25,390 

6 , 390 

136,120 

PE  pr-  ; — d 

181.440 

. 

36,990 

5,870 

256,000 

540,006 

1,878,000 

153,350 

2,571,350 

PL  discharged 

128,070 

11,410 

4,220 

1,100 

1 44 . 800 

. . 

814,30 

35,150 

1,170,450 

X removal  efficiency 

29 

65 

89 

81 

43 

40 

56 

77 

54 

\J  IWPCA  inventory  of  Municipal  and  Industrial  Wastes,  Upper  Snake  Subregion,  1965, 
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municipal  waste  treatment  systems  are  Jackson  and  Afton,  both  of 
which  provide  adequate  treatment.  In  the  Idaho  portion  of  the 
subregion,  the  first  potential  waste  source  is  the  Rigby  area, 
including  the  communities  of  Rigby,  Menan,  Ririe,  and  Lewisville, 
Idaho.  However,  adequate  waste  treatment  is  practiced  by  these 
municipalities  so  that  organic  loadings  to  the  Snake  are  very 
minor. 

The  Idaho  Falls  Service  Area  is  a major  source  of  municipal 
wastes  in  the  subbasin.  An  average  waste  loading  of  about  18,000 
PE  xS  discharged  from  the  Idaho  Falls  primary  treatment  plant  into 
the  Snake  River.  The  Idaho  Department  of  Health  has  recommended 
secondary  treatment  by  1972.  In  and  near  the  City  of  Idaho  Falls, 
there  have  been  persistent  problems  of  drainage  and  ground-water 
contamination.  The  recent  installation  of  separate  storm  sewers 
which  discharge  to  dry  wells  in  the  vicinity  of  Idaho  Falls  has 
contributed  to  the  problem  of  ground-water  contamination.  Also, 
the  nearby  towns  of  Iona,  Ucon,  and  Ammon  are  unsewered,  and  their 
residents  utilize  individual  ground  disposal  of  wastes.  The  Idaho 
Department  of  Health,  in  considering  the  problem,  has  suggested 
that  the  combined  sewers,  while  objectionable  in  principle,  are 
preferable  to  ground-water  contamination.  Also  within  the  service 
area,  the  City  of  Shelley  utilizes  a waste  stabilization  pond. 

A portion  of  the  wastes  of  a potato-processing  plant  at  Shelley  is 
routed  into  the  city  ponds,  achieving  a reduction  in  biochemical 
oxygen  demand  somewhat  above  the  usual  level. 
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The  Blackfoot  area,  which  is  located  between  Idaho  Falls  and 
the  head  of  American  Falls  Reservoir,  contributes  an  organic  load- 
ing of  about  6,000  PE  to  the  Snake  River.  The  community  has  a pri- 
mary treatment  plant,  but  the  Idaho  Department  of  Health  requires 
that  the  facility  be  upgraded  to  secondary  treatment  by  1973. 

The  City  of  Pocatello  has  a primary  treatment  pl^.nt  that 
discharges  about  27,000  PE  to  the  Portneuf  River.  The  city  trans- 
ports treated  wastes  to  a discharge  point  below  the  major  ground- 
water  influx  to  the  Portneuf  River  to  obtain  additional  dilution 
of  its  wastes.  The  Idaho  Water  Quality  Standards  have  listed  the 
community  as  in  need  of  secondary  treatment.  Pocatello's  munici- 
pal airport  sewers  untreated  wastes  directly  to  the  river.  The 
village  of  Inkom,  above  the  service  area,  also  discharges  to  the 
river  without  treatment.  However,  the  community  has  received  a 
grant  for  construction  of  interceptors  and  lagoons. 

Below  the  American  Falls  Reservoir,  the  communities  of 
American  Falls  and  Aberdeen  represent  minor  waste  sources.  The 
City  of  American  Falls  discharges  wastes  from  an  efficient  second- 
ary treatment  plant  to  the  substantial  flows  below  the  American 
Falls  Dam.  The  City  of  Aberdeen  provides  a community  septic  tank. 
The  effluent  from  the  septic  tank,  coupled  with  food-processing 
wastes,  results  in  a severe,  though  localized,  water  pollution 
problem  in  the  Aberdeen  Drain  and  American  Falls  Reservoir.  The 
Idaho  Department  of  Health  requires  that  Aberdeen  must  install 
secondary  treatment  by  1970. 

The  Burley  Service  Area,  located  at  Milner  Reservoir,  is 
a moderate  source  of  municipal  wastes.  A total  of  about  5,200  PE 
is  discharged  to  the  subbasin's  waterways  from  municipalities  in 
the  area.  Burley  has  very  effective  lagoons;  and  Rupert,  Paul, 
and  Heyburn  provide  primary  treatment  plants.  The  three  primary 
facilities  must  be  upgraded  to  secondary  treatment  or  the  equiva- 
lent to  meet  minimum  requirements  of  the  Idaho  Department  of  Health. 
Burley  and  Heyburn  release  wastes  directly  to  Milner  Reservoir, 
and  Rupert  and  Paul  discharge  wastes  to  Main  Drain,  which  is  an 
irrigation  return  canal  discharging  into  Milner  Pool. 

The  Twin  Falls  Service  Area,  which  includes  the  cities  of 
Twin  Falls,  Kimberly,  Hansen,  Filer,  and  Jerome,  is  the  major 
municipal  waste  source  in  the  subbasin.  A total  of  about  82,000 
PE  is  discharged  to  waterways  from  the  service  area.  The  primary 
waste  treatment  plant  at  Twin  Falls  discharges  about  70,000  PE  to 
the  river.  The  high  organic  loads  released  by  Twin  Falls  are 
largely  attributed  to  industries  that  discharge  wastes  to  the 
municipal  system.  The  Idaho  Department  of  Health  requires  second- 
ary treatment  at  Twin  Falls  by  1973. 
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Other  From  the  Twin  Falls  Service  Area  to  the  boundary  of 
the  Upper  Snake  Subregion,  there  are  no  significant  municipal 
waste  sources  along  the  Snake  River. 


Industries 


Henrys  Fork  Subbasin  Major  industrial  waste  sources  in 
the  Henrys  Fork  Subbasin  are  limited  to  the  potato-processing 
industry,  and  minor  sources  include  dairies  and  slaughterhouses. 

An  oxygen-demanding  load  of  approximately  57,400  PE  is  discharged 
to  waterways  at  peak  periods  of  waste  production. 

A potato-processing  plant  at  Rexburg  is  the  principal 
industrial  waste  source.  An  average  of  about  27,000  PE  is  re- 
leased from  the  plant's  lagoons  and  primary  treatment  facility 
into  the  South  Fork  of  the  Teton  River.  The  Idaho  Department  of 
Health  requires  that  secondary  treatment  or  the  equivalent  be 
installed  by  1971.  The  plant  does  not  operate  during  much  of  the 
summer  low-flow  period. 

A starch  company  at  St.  Anthony  operates  intermittently. 

When  in  operation,  an  organic  loading  of  about  30,000  PE  is  dis- 
charged to  the  Henrys  Fork.  The  plant  provides  only  process 
controls  for  its  difficult-to-treat  wastes.  The  Idaho  Department 
of  Health  required  that  primary  treatment  for  silt  removal  be 
provided  in  1968,  and  that  secondary  treatment  or  the  equivalent 
be  installed  by  1972. 

Minor  waste  sources  include  dairy-processing  plants  at 
Rexburg,  St.  Anthony,  Driggs,  and  Ashton;  a small  potato  cannery 
at  Parker;  and  local  slaughterhouses.  Dairy  processors  sometimes 
practice  the  discharge  of  whey  from  cheese-making  operations 
without  prior  treatment.  Slaughterhouses  and  dairies  generally 
provide  only  septic  tanks  for  treatment. 

Snake  Plain  Subbasin  Industrial  production  of  biochemical 
oxygen- demanding  wastes  in  the  Snake  Plain  Subbasin  is  limited. 

The  only  waste  sources  are  associated  with  the  dairy  products  and 
meat-packing  industries.  A total  organic  loading  of  12,500  PE  is 
discharged  by  these  industries  into  the  Little  Wood  River.  A 
food  company  at  Carey  and  a creamery  at  Richfield  release  1,000 
and  500  PE,  respectively,  without  treatment.  Two  packing  companies 
at  Gooding  discharge  5,000  and  6,000  PE  after  treatment  in  lagoons. 
No  serious  degradation  of  water  quality  has  resulted  from  these 
discharges . 

The  National  Reactor  Testing  Station  is  a significant  source 
of  radioactive  wastes.  The  NRTS  is  engaged  in  three  lines  of 


reactor  development;  testing  irradiation  services,  chemical 
processing  for  recovery  of  enriched  uranium  from  partially  utilized 
reactor  fuels,  and  examinations  into  the  inherent  safety  of  nuclear 
systems,  including  the  development  of  safeguard  devices  and  methods 
predicting  safe  reactor  limits.  Table  63  summarizes  waste  disposal 
practices  and  quantities  of  radioactive  waste  discharged  monthly. 
Low-level  liquid  radioactive  wastes  are  released  to  the  ground- 
water  table  from  wells  and  seepage  ponds  after  careful  monitoring. 
In  addition,  wells  serving  the  facilities  and  off-site  sampling 
locations  are  included  in  a systematic  program  of  water  sampling 
and  analysis.  Off-site  sampling  has  been  pursued  since  1952,  and 
no  evidence  of  NRTS  addition  to  natural  radioactivity  has  been 
found.  As  a result,  the  NRTS  during  1966  curtailed  the  number  of 
its  off-site  sampling  locations.  Among  others,  all  of  the  stations 
sampling  the  main  source  of  ground-water  inflow  in  the  Thousand 
Springs  area  were  eliminated.  While  no  problems  of  ground-water 
contamination  have  ever  been  reported,  the  exotic  nature  of  the 
wastes  discharged,  the  lack  of  knowledge  of  the  behavior  of  water 
and  radionuclides  in  the  aquifer,  the  opportunities  for  accident 
in  a situation  marked  by  transfer  of  high-level  liquid  radioactive 
wastes,  and  the  discharge  of  dilute  materials  or  protective  stor- 
age of  concentrated  materials  as  handling  expedients  for  radio- 
active wastes,  all  give  rise  to  a concern  as  to  the  overall  ade- 
quacy of  the  NRTS  waste  control  programs.  In  sum,  liquid  radio- 
active wastes  discharged  to  the  aquifer  each  year  contain  about 
5,100  curies  of  radioactivity.  To  add  to  the  total  radioactivity 
of  liquid  wastes,  some  solid  wastes  are  disposed  of  by  burying, 
and  these  may  be  subject  to  leaching.  Under  these  conditions, 
the  buildup  of  radioactivity  in  underground  reservoirs  and  the 
possibility  of  an  accidental  discharge  of  high- level-radioactive 
liquids  are  a threat  to  the  southern  Idaho  area. 


Table  63  - Summary  of  Liquid  Radioactive  Waste  Disposal 
National  Reactor  Testing  Station,  Idaho,  Subregion  4 

Mean  Monthly  Waste  Discharge  (Average  1961-65) 


Million 
Gal  Ions 


Central  facilities  area  4.0 

Test  reactor  area  17.3 

Chemical  processing  plant  24.4 
Chemical  processing  plant  0.2 
Naval  reactor  facility  2.3 
Test  area  north  2.3 

Argonne  National  Lab.  11.6 

Per  month  62.1 


Curies  Disposal 

0.34  Sewage  system-- 

subsurface  irrigation 
field 

350  Seepage  ponds 

60  600-foot  well 

7.6  Seepage  pits 

3.1  Seepage  pond 

0.3  Wells 

0,01  Seepage  pit 

421.35 


Main  Stem  Snake  Subbasin  The  Main  Stem  Snake  Subbasin  is 
the  principal  area  of  industrial  waste  production  in  Subregion  4. 

In  general,  waste  loading  points  in  the  subbasin  tend  to  be  dis- 
/ Crete  and  well  separated.  The  four  service  areas  discharge  about 

94  percent  of  the  total  industrial  waste  load.  The  potato-processing 
industry  is  the  major  waste  source,  discharging  about  757,300  PE 


from  19  plants.  Three  sugar  refineries  account  for  an  additional 
waste  discharge  of  321,000  PE.  A number  of  food-processing  plants, 
including  dairies  and  slaughterhouses,  also  discharge  significant 
oxygen- demanding  waste  loadings.  The  phosphate  industry  in  the 
Pocatello  Service  Area  discharges  inorganic  wastes  which  have  a 
significant  influence  on  water  quality  in  the  Snake.  Treatment 
practices  are  generally  fair,  accomplishing  an  overall  reduction 
of  about  55  percent  of  the  total  biochemical  oxygen  demand.  How- 
ever, the  Idaho  Department  of  Health  requires  that  most  industries 
provide  secondary  treatment  or  the  equivalent  within  the  next  5 
years . 

In  the  Wyoming  headwaters  and  tributaries  of  the  Snake, 
industrial  waste  sources  are  few.  The  only  significant  waste 
source  is  a cheese  factory  at  Thayne,  which  must  upgrade  its  la- 
goon treatment.  The  first  major  industrial  waste  source  downstream 
is  in  the  Rigby  area,  which  supports  a potato-processing  plant  and 
several  minor  food-processing  plants.  Waste  treatment  practices 
in  the  Rigby  area  are  deficient  in  that  the  largest  source  of 
wastes--a  potato-processing  plant  at  Lewisville--treats  wastes 
only  through  fine  screening  and  a settling  pond,  rather  than  with 
the  considerably  more  efficient  mechanical  clarifier  used  by  most 
potato-processing  plants.  The  plant  discharges  its  wastes  to  a 
small  drainage  ditch,  which  often  becomes  septic.  In  addition, 
a cheese  plant  at  Ririe  has  no  waste  treatment.  The  Idaho 
Department  of  Health  requires  that  the  Lewisville  potato-processing 
plant  provide  secondary  treatment  or  the  equivalent  by  1971. 

The  Idaho  Falls  Service  Area  is  a major  source  of  industrial 
wastes  in  the  Main  Stem  Snake  Subbasin.  Wastes  entering  the  Snake 
include  those  from  three  potato-processing  plants,  a sugar  refinery, 
two  potato  starch  plants,  several  dairies,  and  meat-packing  plants. 
In  sum,  these  sources  produce  about  750,000  PE  of  wastes  through 
fall  and  winter,  an  amount  that  is  reduced  to  about  390,000  PE  of 
residual  waste  discharge  to  the  river.  In  general,  the  service 
area  maintains  a primary  level  of  waste  treatment;  however,  several 
industries  do  not  reach  the  level  of  waste  removal  provided  by 
effective  primary  treatment.  The  Idaho  Department  of  Health  has  an 
implementation  plan  requiring  primary  treatment  for  some  industries 
now  and  secondary  treatment  for  all  industries  between  1971  and 
1973. 
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Below  the  Idaho  Falls  Service  Area,  the  Blackfoot  area  repre- 
sents a significant  industrial  waste  source.  A potato  company 
discharges  about  72,000  PE  to  the  Snake  River  after  primary  treat- 
ment. Silt  removal  facilities  are  required,  and  secondary  treat- 
ment or  the  equivalent  is  to  be  installed  by  1973.  A potato 
starch  plant  provides  only  process  controls  of  wastes.  The  plant 
operates  intermittently,  discharging  about  9,000  PE  to  the  Snake 
when  in  operation.  Primary  treatment  for  silt  removal  is  required, 
and  secondary  treatment  or  the  equivalent  is  required  by  1973. 

The  Portneuf  River,  a major  tributary  of  the  Snake,  enters 
at  American  Falls  Reservoir  carrying  heavy  waste  loads.  Only  a 
moderate  level  of  organic  industrial  wastes,  mainly  from  packing 
houses  and  dairy  processors,  is  present.  The  most  significant 
waste  loads  are  from  phosphate-processing  plants.  One  of  the 
largest  of  Idaho's  six  phosphate  refiners  produces  fertilizers, 
phosphoric  acid,  and  phosphorous  compounds  with  a process  of 
sulfuric  acid  leaching  of  phosphates  from  ores.  One  installation 
produces  elemental  phosphorous,  utilizing  electric  furnaces. 

The  wet-acid  process  utilized  by  one  phosphate-processing 
plant  produces  a number  of  undesirable  waterborne  waste  products. 
Gypsum  constituents  of  the  phosphate-bearing  rock  are  carried  in 
high  concentrations  in  the  waste  stream.  These  rapidly  settle 
out,  forming  unsightly,  life-smothering  sludge  beds.  Effluent 
temperature  is  sometimes  over  100°  F.  (37°C.).  The  leaching  agent, 
sulfuric  acid,  results  in  a highly  acid  effluent  flow.  Fluorides 
bound  up  in  phosphate  rock  are  released  in  the  leaching  process, 
and  carried  by  the  waste  stream,  as  residual  phosphate,  a prime 
nutrient  material  utilized  by  aquatic  vegetation.  Facilities 
were  constructed  in  late  1965  to  provide  treatment  for  about  half 
of  the  plant's  waste  stream.  Treatment  consists  of  solids  con- 
centration and  recirculation  of  overflows.  Subsidiary  facilities 
include  cooling  towers  and  large  areas  of  settling  ponds  into 
which  waste  can  be  pumped  in  the  event  that  clarifier  facilities 
are  overtaxed.  While  these  facilities  represent  a definite 
improvement,  they  extend  to  only  a portion  of  the  total  liquid 
wastes  of  the  plant.  The  untreated  effluent  constitutes  a signifi- 
cant fraction  of  the  total  flow  of  the  Portneuf  River  at  the 
point  that  it  enters  the  stream.  Though  waste  treatment  methods 
that  have  been  developed  are  lacking  in  terms  of  control  of  solids 
and  nutrients,  they  appear  to  be  effective  in  limiting  fluoride 
discharges . 

Liquid  wastes  from  some  of  the  plants  are  of  minor  signifi- 
cance, since  the  installation  utilizes  an  electrolytic  process 
whose  major  water  requirement  is  for  cooling.  Cooling  waters  are 
cycled  back  through  stock  scrubbers  and  thence  into  settling  ponds 
whose  overflow  is  treated  with  lime  to  maintain  an  effluent  pH 
above  8.0.  No  problems  of  disposal  have  been  noted. 


Below  the  American  Falls  Reservoir,  industries  in  the 
American  Falls  area  have  little  effect  on  the  water  quality  of 
the  Snake  River.  A large  potato-processing  plant  near  American 
Falls  utilizes  a non-overflow  lagoon.  This  facility  has  been 
objected  to  as  an  odorous  nuisance  and  a possible  source  of  ground- 
water  contamination,  but  it  does  not  affect  the  quality  of  any 
watercourses.  The  Idaho  Department  of  Health  requires  that  pri- 
mary treatment  and  improved  land  disposal  techniques  be  installed. 

A potato-processing  plant,  a potato  starch  company,  and  a dairy 
discharge  wastes  to  Aberdeen  Drain,  a very  limited  watercourse 
with  flow  derived  principally  from  irrigation  returns.  Treatment 
includes  effective  primary  treatment  for  the  potato-processing 
plant,  but  no  controls  for  wastes  of  the  potato  starch  company 
and  the  dairy.  The  Idaho  Department  of  Health  requires  that 
secondary  treatment  or  the  equivalent  be  provided  for  the  plants 
by  1970. 

The  Burley  Service  Area,  located  along  Milner  Reservoir, 
represents  a significant  industrial  pollution  source.  At  the 
City  of  Burley,  four  large  potato-processing  plants  line  the 
Snake  River.  Another  is  located  at  Heyburn,  directly  across  the 
Snake  River  from  Burley.  North  of  the  river  a large  sugar  refinery 
is  located  at  Paul,  and  a moderately  sized  potato-processing  plant 
is  situated  at  Rupert.  Three  dairy  products  plants,  a couple  of 
small  slaughterhouses,  a flour  mill,  and  several  potato  warehouses 
also  add  to  the  waste  loads  imposed  on  the  Snake  River  at  Milner 
Reservoir.  About  260,000  PE  are  discharged  into  Milner  Reservoir 
from  industrial  sources,  and  another  26,000  PE  are  released  to 
Main  Drain,  which  flows  into  Milner  Reservoir.  Most  of  this  waste 
load  is  discharged  in  winter,  when  potato  processing  and  sugar 
refining  are  at  their  peaks,  and  when  flow  through  the  reservoir 
is  lowest. 

The  Idaho  Department  of  Health  requires  secondary  treatment 
or  the  equivalent  for  processing  plants  in  the  Burley  Service  Area. 
Adequate  treatment  is  presently  practiced  at  a sugar  company's 
waste  stabilization  ponds.  Secondary  waste  treatment  by  potato 
processors  has  been  delayed  pending  the  outcome  of  extended  re- 
search into  methods  to  provide  higher  degrees  of  removal  without 
incurring  extreme  costs.  A plant  at  Burley  is  being  used  to  con- 
duct studies  of  secondary  treatment  methods  for  potato  wastes. 
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Industrial  wastes  in  the  Twin  Falls  Service  Area  do  not 
significantly  affect  the  water  quality  of  the  Snake  River.  Most 
of  the  area's  major  industrial  plants  have  primary  waste  treatment. 
The  principal  exception  is  a sugar  company  refinery  near  Twin  Falls. 
The  plant  discharges  about  185,000  PE  without  treatment  to  Rock 
Creek.  This  practice  has  resulted  in  Rock  Creek  being  an  unsightly 
nuisance.  The  Idaho  Department  of  Health  requires  that  primary 
treatment  be  installed  at  the  plant  by  mid- 1969.  Concern  has 
been  expressed  about  the  adequacy  of  the  deep-well  disposal  methods 
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used  by  an  intermittently  operating  frozen  foods  company  at 
Kimberly.  The  area  in  doubt  has  a history  of  ground-water  con- 
tamination. The  plant  is  to  provide  secondary  treatment  or  the 
equivalent  by  mid-1973.  Several  other  industries  in  the  area 
are  listed  in  the  Idaho  Water  Quality  Standards  as  in  need  of 
secondary  treatment  or  the  equivalent.  A corn-processing  company 
employs  highly  effective  crop  irrigation  techniques  for  disposal 
of  liquid  corn-processing  wastes. 


Rural-Domestic 


Approximately  165,900  persons,  or  55  percent  of  the  sub- 
region's population,  are  not  connected  to  municipal  waste  treat- 
ment facilities.  Table  64  summarizes  by  subbasin  the  population 
and  the  percent  of  subbasin  and  subregion  population  served  by 
individual  sewage  disposal  systems.  In  general,  septic  tanks  and 
some  type  of  subsurface  drainage  are  used  for  waste  disposal. 

The  actual  waste  load  reaching  waterways  from  rural-domestic 
sources  is  not  considered  to  be  large. 


Table  64  - Summary  of  Population  Served  by  Individual 
Waste  Disposal  Systems,  Subregion  4 1 / 


Subbasin 

Population 

Served 

Thousands 

Percent 

Subbasin 

Population 

Percent 

Subregion 

Population 

Henrys  Fork 

13.2 

62.8 

4.4 

Snake  Plain 

45.8 

79.0 

15.2 

Main  Stem  Snake 

106.9 

47.9 

35.4 

Total 

165.9 

55.0 

1 ] Derived  as  a residual  from  FPCA  Municipal  and  Industrial 
Waste  Inventory,  Upper  Snake  Subregion,  1965. 


Irrigation 

Approximately  2,485,000  acres  are  presently  irrigated  in 
the  Upper  Snake  Subregion;  this  requires  an  annual  diversion  of 
13.5  million  acre-feet  of  water.  Ridge  and  furrow  methods  of 
irrigation  are  practiced  on  about  80  percent  of  the  irrigated 
land,  and  most  of  the  remaining  land  is  generally  irrigated  by 
sprinkler  methods.  Flood  irrigation  of  pasturelands  is  practiced 
in  the  Marsh  Valley  and  the  upper  Portneuf  River  drainage  and  in 
other  areas  where  there  are  inadequate  storage  facilities. 
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Twofold  to  fourfold  increases  in  total  dissolved  solids 
concentrations  and  chloride  concentrations  have  been  measured  in 
Raft  and  Blackfoot  Rivers  and  several  other  Upper  Snake  River 
tributaries  used  heavily  for  irrigation.  The  dissolved  solids 
content  of  the  Snake  River  increases  from  about  175  mg/1  at  the 
Idaho-Wyoming  border  to  about  400  mg/1  at  Buhl,  Idaho.  Also, 
areas  in  which  irrigation  has  been  developed  are  generally  those 
in  which  sedimentation  is  pronounced. 

The  approximately  36  percent  consumptive  use  of  irrigation 
water  is  pollutional  in  a secondary  way  through  the  lessening  of 
the  amount  of  water  available  as  a solvent.  This  is  of  particular 
importance  in  the  Upper  Snake,  where  irrigation  far  outweighs  any 
other  use  of  water  in  gross  amount  required  and  in  depletion  of 
flows . 


Agricultural  Animals 


Agricultural  animal  waste  drainages  in  the  Upper  Snake 
Subregion  are  an  important  source  of  coliform  bacteria  and  a 
source  of  some  portion  of  biochemical  oxygen  demand.  The  estima- 
ted organic  waste  potential  of  the  animal  population  is  equivalent 
to  that  from  a population  of  5.5  million  people.  An  estimated 
95  percent  of  the  wastes  generated  are  reduced  by  deposit  to  the 
land  and  natural  decomposition,  so  that  about  275,000  PE  eventually 
reach  waterways.  Grazing  and  feeding  of  farm  animals  are  con- 
sidered to  be  a major  waste  source,  but  their  impact  on  water 
quality  is  difficult  to  determine.  Although  the  animal  popula- 
tion is  generally  diffused  throughout  the  subregion,  concentra- 
tions occur  along  the  Snake  River  between  Minidoka  Reservoir  and 
the  mouth  of  the  Big  Wood  River.  In  this  area  there  are  approxi- 
mately 275,000  cattle  and  a significant  number  of  other  farm 
animals.  Their  relative  closeness  to  the  river  in  this  area  laced 
with  irrigation  drains  increases  the  possibility  of  these  wastes 
representing  a significant  pollutional  source. 

There  are  several  feedlots  in  the  subregion  which  accom- 
modate two  thousand  or  more  animals  at  a time.  Where  they  are 
located,  feedlots  along  streambanks  without  minimal  control 
afforded  by  fencing  animals  from  the  water,  high  biochemical 
oxygen-demanding  wastes,  coliform  bacteria,  high  levels  of 
nutrients,  and  solids  are  flushed  into  streams  with  significant 
effects  on  water  quality. 


Other  Land  Use  and  Management 


The  production  and  transport  of  sediment  are  the  most  sig- 
nificant quality  impairments  resulting  from  land-use  practices  in 
the  Upper  Snake.  (9)  However,  limited  studies  indicate  that  the 
subregion  is  characterized  by  a low  rate  of  sediment  yield,  except 
for  the  more  steeply  sloping  agricultural  land.  The  latter  is 
especially  vulnerable  during  years  when  land  in  winter  wheat  or 
fallow  becomes  frozen,  and  then  thaw  is  accompanied  by  snowmelt 
or  rain.  Annual  average  sediment  yield  varies  from  less  than  0.1 
acre-foot  per  square  mile  per  year  up  to  about  0.5  acre-foot  per 
square  mile  per  year.  Actual  sediment  contribution  from  much  of 
the  area  of  southern  Idaho  is  unknown.  However,  Marsh  Creek, 
which  empties  into  the  Portneuf  River  near  Inkom,  carries  heavy 
loads  of  silt.  The  major  source  of  sediment  in  Marsh  Creek  Valley 
is  believed  to  be  caused  by  sheet  and  gully  erosion  on  the  dry- 
farmed  bench  on  the  west  side  of  the  valley. 


Natural  Sources 


Richly  productive,  the  waters  of  the  Upper  Snake  system 
are  characterized  by  massive  growths  of  algae  and  by  fixed  and 
floating  water  weeds  that  constitute  the  most  obvious  type  of 
water  quality  alteration  in  the  subregion.  Excessive  algal 
growths  are  largely  a result  of  high  nutrient  concentrations 
that  exist  in  the  subregion.  The  threshold  levels  of  phosphates 
and  nitrates  are  exceeded  through  most  of  the  Snake  River  and 
tributaries.  High  natural  backgrounds  are  indicated  by  the  con- 
siderable weight  of  the  material  present  in  upstream  areas. 

Also,  ground-water  inflows  may  be  a major  influence  on  the 
progressive  rise  of  nutrients  downstream  in  the  Snake  River. 

The  Blackfoot  River,  which  enters  the  Snake  between  Idaho 
Falls  and  the  head  of  American  Falls  Reservoir,  is  characterized 
by  high  phosphate  concentrations  and  by  heavy  growths  of  grasses 
and  water  weeds.  The  source  of  this  problem  is  in  the  Blackfoot 
Reservoir,  which  is  located  on  a seam  of  phosphate-bearing  earths 
The  reservoir  also  supports  heavy  growths  of  algae. 


Present  Water  Quality 

Quality  of  the  waters  of  the  Upper  Snake  River  and  its 
tributaries  is  generally  suitable  in  most  stream  reaches  for  the 
uses  made  of  those  waters.  The  most  serious  and  extensive  symptom 
of  water  quality  degradation  is  excessive  production  of  aquatic 
vegetation,  which  is  manifested  in  slime-like  floating  masses, 
discolored  waters,  and  heavy  rooted  bottom  growths  throughout  the 
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southern  sweep  of  the  Snake  River  and  in  the  lower  reaches  of 
tributaries  entering  the  Snake  in  that  area.  Significant  sedi- 
ment and  mineral  loads  occur  in  the  same  reaches  throughout  the 
irrigation  season  and  during  the  period  of  maximum  snowmelt. 
Bacterial  concentrations  are  above  recommended  recreational  limits 
near  a number  of  populated  areas,  and  dissolved  oxygen  deficiencies 
have  occurred  intermittently  at  a number  of  points. 

With  the  exception  of  aquatic  growths  and  sedimentation, 
there  have  been  few  instances  of  persistent  or  recurring  water 
quality  degradation  in  recent  years.  Milner  Reservoir  and  the 
lower  Portneuf  River  have  consistently  demonstrated  some  undesir- 
able water  quality  conditions  at  least  part  of  the  year.  Most 
other  water  quality  problems  in  the  subregion  have  been  limited 
to  local  nuisance  conditions. 


Main  Stem  Snake  River 


In  general,  the  quality  of  the  Upper  Snake  River  deterio- 
rates progressively  as  it  flows  through  the  subregion  and  is 
subjected  to  intensive  use.  This  degradation  in  quality  of  the 
Upper  Snake  has  little  influence  on  water  quality  of  the  Central 
Snake  Subregion,  since  ground-water  inflows  in  the  Thousand  Springs 
area,  in  essence,  create  a new  river  of  excellent  quality. 

Figure  33  presents  a generalized  dissolved  oxygen  profile 
for  the  Snake  River.  Dissolved  oxygen  concentrations  of  the 
Upper  Snake  are  usually  found  to  be  near  the  saturation  level. 
However,  the  dissolved  oxygen  concentration  is  depressed  at  two 
points  within  the  subregion.  In  summer,  the  oxygen  level  of  the 
water  behind  American  Falls  Dam  drops  several  milligrams  per 
liter  (mg/1)  below  that  of  the  water  entering  the  reservoir. 

During  1967,  diurnal  fluctuations  in  the  dissolved  oxygen  con- 
centration, caused  by  the  photosynthetic  and  respirational  cycle 
of  algae,  resulted  in  the  depression  of  dissolved  oxygen  to  the 
point  that  a fish  kill  occurred.  In  winter,  flow  out  of  Milner 
Reservoir  drops  to  a minimum  level,  ice  cover  inhibits  reaeration 
for  several  months;  and,  with  large  amounts  of  organic  wastes 
entering  the  reservoir,  septic  conditions  have  resulted. 
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FIGURE  33.  Dissolved  Oxygen  Profile  (Generalized),  Snake  River. 


Biochemical  oxygen  demand  (BOD)  is  a measure  of  the  oxygen- 
utilizing potential  of  organic  materials  present  in  water.  Figure 
34  presents  a generalized  biochemical  oxygen  demand  profile  for 
the  Snake  River.  In  winter,  the  BOD  configuration  is  about  what 
might  be  expected  from  a knowledge  of  waste  discharges.  Background 
levels  below  one  mg/1  rise  sharply  as  Idaho  Falls  waste  loads 
enter  the  river.  From  Idaho  Falls  to  American  Falls  Reservoir, 
the  rate  of  waste  stabilization  exceeds  the  rate  at  which  degrad- 
able materials  enter  the  stream;  and  in  the  reservoir  biochemical 
oxygen  demand  recedes  to  background  levels.  In  Milner  Reservoir 
the  wastes  of  the  Burley  area  create  a second  peak,  which  is 
diluted  by  the  inflow  of  ground  water  in  the  Thousand  Springs  area 
below  Milner  Dam.  In  summer,  however,  biochemical  oxygen  demand 
concentrations  are  strikingly  different  than  would  be  expected 
from  a knowledge  of  the  greater  flows  and  much  lower  industrial 
waste  loads  that  occur.  There  is  a pronounced,  progressive  rise 
in  biochemical  oxygen  demand  concentration  through  the  Upper  Snake 
Subregion  until  levels  in  Milner  Reservoir  are  comparable  to  winter 
peaks  below  food-processing  centers.  Even  after  biochemical  oxygen 
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FIGURE  34.  BOD  Profile  (Generalized),  Snake  River. 
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demand  is  diluted  in  the  Thousand  Springs  area,  it  remains  much 
higher  than  in  winter.  Unlike  pronounced  winter  biochemical 
oxygen  demand  concentrations  which  appear  to  depress  dissolved 
oxygen  concentrations  at  several  points,  high  summer  biochemical 
oxygen  demand  accompanies  dissolved  oxygen  concentrations  that 
are  typically  higher  than  100  percent  of  saturation.  The  situa- 
tion is  presumed  to  be  due  to  the  prolific  aquatic  growths  found 
in  the  river.  Release  of  oxygen  in  the  respiratory  process  of 
aquatic  plant  life  compensates  for  the  oxygen  demand  -created  by 
decomposition  of  the  same  kinds  of  aquatic  biota. 

The  bacterial  quality  of  the  Snake  River  is  highly  vari- 
able. Coliform  densities  below  service  areas  are  high  enough 
that  the  water  is  considered  unsuitable  for  water-contact  recrea- 
tion (greater  than  1,000  MPN/100  ml).  Very  high  bacterial  con- 
centrations are  found  in  the  Burley  and  Idaho  Falls  areas.  Dis- 
charges of  sanitary  sewage  are  unquestionably  responsible  in  some 
measure  for  high  bacterial  concentration  throughout  most  of  the 
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Upper  Snake;  and  such  sources  can  be,  and  have  been,  offset  by 
more  efficient  disinfection.  However,  bacterial  concentrations 
in  the  Upper  Snake  derive  in  great  part  from  the  large  animal 
populations  and  from  soil  bacteria. 


Figure  35  presents  a generalized  temperature  profile  for 
extreme  winter  and  summer  months  under  existing  conditions  for 
the  Snake  River.  Winter  temperatures  are  generally  close  to 
freezing  except  in  areas  where  flow  is  derived  largely  from  ground 
water.  Reservoirs  in  the  Upper  Snake  freeze  over  annually,  and 
modest  icing  occurs  at  other  ponded  locations.  Near  the  head- 
waters, flows  derived  from  snowmelt  remain  below  60°F.  (15.5°C.) 
during  the  summer.  Downstream  warming  results  from  exposure  to 
solar  radiation  and  is  .accelerated  by  the  effects  of  some  impound- 
ments, streamflow  depletion,  and  irrigation  return  flows.  At 
King  Hill,  temperatures  are  moderate  throughout  the  year,  reflect- 
ing the  fact  that  most  of  the  flow  is  derived  from  the  Thousand 
Springs  area. 


FIGURE  35.  Water  Temperature  Profile  ( General ized) , Snake  River 
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Sediment  and  suspended  organic  material  result  in  turbid 
conditions  at  many  points  in  the  subregion.  During  periods  of 
high  runoff,  sediment  concentrations  reach  objectionable  levels 
throughout  the  area.  Suspended  organic  matter  is  often  found  in 
heavy  concentrations  below  food-processing  sites,  although  this 
problem  is  receding  as  waste  treatment  advances. 

The  headwaters  of  the  Upper  Snake  River  are  relatively  low 
in  mineral  content  (100  mg/1  dissolved  solids  or  less)  and  are 
characterized  as  calcium  bicarbonate  waters.  However,  dissolved 
solids  and  sodium  content  show  marked  increases  downstream  as  a 
result  of  irrigation  use.  Samples  collected  during  a low-flow 
period  in  1965  in  the  reach  from  the  Idaho-Wyoming  border  to 
Buhl,  Idaho,  showed  a progressive  increase  in  both  dissolved  solids 
concentration  and  sodium-adsorption  ratio  (SAR) . Dissolved  solids 
increased  from  about  175  to  more  than  400  mg/1,  and  SAR  increased 
from  0.2  to  1.5.  Below  Buhl,  the  dissolved  solids  concentration 
dropped  to  340  mg/1  because  of  dilution  by  spring  inflow.  Al- 
though the  alluvial  materials  in  the  area  contribute  somewhat  to 
the  downstream  increase  in  mineral  content,  irrigation  return 
flow  is  the  primary  contributor.  The  water  is  still  satisfactory 
for  irrigation  of  crops;  however,  in  some  areas  treatment  is 
required  before  the  water  can  be  used  as  a municipal  or  industrial 
water  supply. 

Concentrations  of  basic  nutrients,  nitrogen,  and  phosphorus, 
run  high  throughout  much  of  the  Snake  River.  Figure  36  presents 
a generalized  total  phosphate  concentration  profile  for  the  Snake 
River.  High  phosphate  concentrations  are  evident  at  all  points 
in  the  Upper  Snake  River.  Phosphate  concentrations  rise  steadily 
throughout  the  subregion,  then  nearly  triple  at  the  head  of 
American  Falls  Reservoir,  where  the  Portneuf  River  deposits  the 
wastes  of  Pocatello's  phosphate  processing.  Continuing  to  rise 
rapidly  through  the  sequence  of  reservoirs--American  Falls,  Lake 
Walcott,  and  Milner--phosphate  concentrations  suggest  the  influence 
of  ground-water  inflows  that  pass  through  natural  phosphate  de- 
posits and  possibily  of  irrigation  return  flows,  municipal  wastes, 
and  buildup  of  populations  of  aquatic  biota  as  well.  In  the 
Thousand  Springs  area,  phosphates  are  diluted  significantly 
although  concentrations  sustain  levels  well  above  those  prevailing 
upstream  from  American  Falls  Reservoir.  There  is  a progressive 
rise  in  nitrates  in  the  subregion  that  is  most  marked  in  the 
Thousand  Springs  and  American  Falls  areas,  which  suggests  that 
ground-water  inflow  may  be  the  major  influence  determining 
nitrate  concentrations.  Concentrations  recede  below  Thousand 
Springs.  Winter  levels  materially  exceed  those  encountered  in 
summer.  The  lower  production  of  algae  and  other  plants  under 
winter  conditions  restricts  biologic  uptake  of  nitrates,  while 
nitrates  contained  in  food  processing  may  add  in  some  degree  to 
concentrations. 
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FIGURE  36.  Total  Phospate  Profile  (Generalized),  Snake  River. 
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Throughout  its  course  of  passage  in  the  Upper  Snake  Sub- 
region,  the  Snake  River  supports  luxuriant  growths  of  vegetable 
matter.  Thick  blooms  of  algae  make  the  water  a characteristic 
opaque  green.  Floating  rafts  of  tangled  water  weeds  are  prevalent 
on  the  surface  of  the  Snake  and  form  clinging  slimes  where  they 
adhere  to  rocks  and  banks.  At  times  the  growths  of  algae  and 
water  weeds  form  a complete  cover  over  ponded  water  and  clog 
irrigation  canals.  As  these  growths  die  and  decay,  they  release 
nutrients  for  new  growths.  While  excessive  growths  of  algae  and 
water  weeds  are  a type  of  pollutant  throughout  much  of  the  sub- 
region,  they  also  constitute  an  influence  on  other  pollution 
indicators.  Most  noticeable  is  the  influence  exerted  on  dissolved 
oxygen  by  plant  respiration  and  on  biochemical  oxygen  demand. 

Algae  are  probably  the  principal  source  of  biochemical  oxygen 
demand  in  the  subregion,  far  outranking  domestic,  municipal,  and 
industrial  wastes  in  this  regard. 

During  a 1966  water  quality  survey  in  the  subregion,  the 
Federal  Water  Pollution  Control  Administration  reported  pesticides 
in  dead  fish  found  below  American  Falls  Dam  in  sufficient  concen- 
trations to  have  killed  them.  Pesticide  concentrations  were 
found  in  the  liver  and  viscera,  where  the  compounds  are  presumed 
to  concentrate,  as  well  as  throughout  the  flesh  of  the  fish.  The 
evidence  that  there  is  a continual,  and  not  always  sub  lethal, 
presence  of  pesticides  in  the  waters  passing  through  major  agri- 
cultural areas  of  the  subregion  accumulates  slowly.  The  tech- 
niques of  pesticide  analysis  are  difficult  and  costly  and,  because 
the  materials  have  a tendency  to  resist  mixing,  water  sampling 
will  not  always  disclose  the  presence  of  pesticides.  But  the 
concentration  of  materials  in  the  flesh  of  aquatic  animals  does 
provide  evidence  of  its  presence. 


Tributaries 


In  general,  tributaries  in  the  Upper  Snake  Subregion  are 
of  good  water  quality.  The  lower  reaches  of  several  streams  do 
experience  serious  water  quality  degradation.  Most  notable  among 
these  are  the  Henrys  Fork,  Blackfoot  River,  Portneuf  River,  and 
Rock  Creek.  Serious  local  water  quality  problems  also  occur  in 
Main  Drain  and  Aberdeen  Drain. 

Dissolved  oxygen  tends  to  be  high  in  tributaries.  Even 
Rock  Creek,  a small  stream  that  receives  industrial  wastes  from 
Twin  Falls,  maintains  good  dissolved  oxygen  levels.  Main  Drain 
and  Aberdeen  Drain,  irrigation  return  streams,  provide  exceptions 
to  the  generally  high  dissolved  oxygen  pattern  of  the  subregion. 
Even  at  the  height  of  the  irrigation  season,  oxygen  levels  in 
the  drains  are  low  in  places;  and  in  winter  when  a large  portion 
of  the  flows  is  food-processing  wastes,  oxygen  contents  are 
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often  totally  depleted.  Dissolved  oxygen  deficiencies  are 
also  suspected  at  points  in  some  tributaries,  although  such 
conditions  have  not  been  completely  documented. 

Bacterial  quality  in  tributaries  is  highly  variable.  In 
general,  however,  coliform  densities  below  population  centers 
are  high  enough  so  that  the  water  is  considered  unsuitable  for 
water-contact  recreation.  Very  high  bacterial  counts  have  been 
recorded  in  Rock  Creek,  Aberdeen  Drain,  and  Main  Drain. 

Sediment  and  suspended  organic  materials  result  in  turbid 
conditions  in  many  tributaries.  During  periods  of  high  runoff, 
sediment  concentrations  reach  objectionable  levels  throughout  the 
area.  Inorganic  materials  are  visible  in  the  waters  of  the 
Portneuf  River  below  the  J.  R.  Simplot  phosphate-processing  plant 
near  Pocatello  and  result  in  thick,  unsightly  bank  and  bottom 
deposits.  Irrigation  returns  are  a summer  source  of  localized 
turbidity.  Silt,  vegetable  matter,  and  colloidal  materials  of 
soil  or  vegetable  origin  are  often  visible  floating  or  in  sus- 
pension in  waters  flowing  through  agricultural  areas. 

The  major  tributaries  entering  the  Snake  River  from  the 
north  contain  waters  of  the  calcium-magnesium  bicarbonate  type, 
with  smaller  amounts  of  sodium,  chloride,  and  sulfate.  Their 
dissolved  solids  concentrations  range  from  less  than  100  to 
slightly  more  than  300  mg/1  and  average  less  than  250  mg/1. 
Tributaries  entering  the  Snake  River  from  the  south  are  usually 
more  mineralized  and  have  larger  percentages  of  sodium,  chloride, 
and  sulfate.  The  higher  dissolved  solids  content  of  these  tribu- 
taries occurs  because  of  the  geologic  setting  and  because  of 
extensive  irrigation  use.  The  northern  tributaries  flow  mainly 
through  Snake  River  basalts,  but  a larger  percentage  of  older 
volcanic  materials  occurs  in  the  area  south  of  the  Snake.  These 
materials  are  more  susceptible  to  solvent  action,  and  waters 
flowing  through  them  dissolve  more  mineral  matter. 

Concentrations  of  basic  nutrients,  nitrogen  and  phosphorus, 
are  high  in  several  tributaries.  The  Portneuf  and  Blackfoot  Rivers 
consistently  discharge  heavy  phosphate  loadings  to  the  Snake 
River.  The  largest  increment  of  Snake  River  phosphate  loading 
occurs  with  the  entry  of  the  Portneuf  River,  which  carried  the 
wastes  of  phosphate  reduction  processing  plants.  At  least  35,000 
pounds  per  day  of  phosphates  enter  American  Falls  Reservoir  from 
the  Portneuf.  This  amount  provides  the  greatest  share  of  more 
than  40,000  pounds  per  day  that  are  carried  by  the  Snake  River. 

The  Blackfoot  Reservoir,  near  the  head  of  Blackfoot  River,  is 
situated  on  top  of  a seam  of  phosphate-bearing  earths.  This  has 
resulted  in  significant  phosphate  concentrations  in  the  Blackfoot 
River.  Heavy  aquatic  growths  are  also  present  in  these  streams 


. 


195 


r 


l. 


as  a result  of  the  high  nutrient  contents.  Problems  of  nuisance 
aquatic  growths  occur  in  many  other  tributaries  in  the  Upper  Snake 
Subregion,  but  are  generally  localized  in  extent. 

Fluoride  concentrations  exceed  recommended  drinking  water 
standards  in  both  ground  and  surface  waters  at  a number  of  points. 
In  part  of  the  Henrys  Fork  system,  fluoride  concentrations  of 
more  than  4.0  mg/1  have  been  reported.  Big  Spring  Creek,  Buffalo 
River,  Warm  River,  and  Falls  River  contained  more  than  2.0  mg/1 
fluoride  in  August  of  1960.  Henrys  Fork,  from  Island  Park 
Reservoir  to  the  mouth,  contained  1.4  to  1.8  mg/1.  High  fluoride 
concentrations  have  also  been  observed  below  phosphate  processing 
plants  on  the  Portneuf  River.  This  problem  has  been  mainly 
eliminated  with  the  advent  of  partial  waste  treatment  at  the 
plants.  For  the  most  part,  availability  of  alternative  supplies 
has  made  the  excessive  fluoride  content  a matter  of  minor  im- 
portance. However,  fluorides  are  alleged  to  have  had  deleterious 
effects  on  cattle  fed  with  forage  irrigated  by  Portneuf  River 
waters . 


Summary  of  Problems 

A graphical  summary  of  water  quality  problem  areas  in  the 
Upper  Snake  Subregion  is  presented  in  figure  37.  Instances  of 
significant  existing  pollution  are  fairly  well  defined.  In  most 
cases,  pollution  occurs  as  a result  of  either  an  insufficient 
degree  of  treatment,  curtailed  streamflow,  or  some  combination 
of  the  two  factors. 

The  combination  of  inadequately  treated  municipal  and 
industrial  wastes  in  winter  months  and  depleted  flows  has  resulted 
in  marked  pollution  of  lower  Milner  Reservoir.  Three  of  the 
largest  fish  kills,  mostly  non-game  species,  in  the  United  States 
have  occurred  when  the  reservoir  was  in  nearly  a septic  condition. 
The  Idaho  Water  Quality  Standards  require  secondary  treatment  or 
the  equivalent  for  all  major  waste  sources  in  the  area  by  1971. 
However,  a sustained  minimum  flow  of  600  cfs  will  still  be  required 
to  meet  the  5.0  mg/1  dissolved  oxygen  standard.  Based  on  one-in- 
ten-year  low  flows  expected  at  Minidoka  gage,  140,000  acre-feet 
of  additional  water  is  required  annually  through  Milner  to  main- 
tain minimum  streamflow  during  times  flows  would  otherwise  drop 
below  600  cfs. 

American  Falls  Reservoir  suffers  from  excessive  aquatic 
growths,  dissolved  oxygen  depressions,  and  high  pesticide  levels. 
Quality  problems  are  caused  by  residual  waste  loads  from  upstream 
sources,  and  phosphate-processing  wastes  from  the  Pocatello  area, 
txcessive  nutrient  concentrations  promote  nuisance-level  algal 
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growth  within  the  reservoir,  which,  in  addition  to  diurnal  varia- 
tion caused  by  normal  plant  respiratory  processes,  exerts  a demand 
on  the  dissolved  oxygen  resource  during  die-off  and  decay  periods. 
Impairment  of  reservoir  use  for  recreation  and  fishery  purposes 
has  occurred.  In  August  of  1967,  for  example,  decomposition,  of 
dead  algal  cells  is  believed  to  have  caused  dissolved  oxygen 
concentrations  to  drop  to  zero  in  some  portions  of  the  reservoir. 

A massive  fish  kill  estimated  at  20,000  fish  resulted. 

Water  quality  problems  occur  in  the  Snake  River  below  Idaho 
Falls  and  in  the  South  Fork  Teton  River  where  low  dissolved  oxygen 
and  high  bacterial  densities  result  from  a combination  of  municipal 
and  industrial  waste  discharges  and  streamflow  depletions  caused 
by  irrigation  diversions.  Idaho's  Water  Quality  Standards,  which 
call  for  secondary  or  equivalent  treatment  of  waste  discharges, 
will  do  much  to  alleviate  these  conditions.  However,  even  with 
conventional  secondary  treatment,  an  annual  draft-on-storage  of 
39,600  acre-feet  in  excess  of  irrigation  diversions  should  be  made 
available  in  the  lower  reaches  of  the  South  Fork  Teton  River  to 
meet  a 5.0  mg/1  dissolved  oxygen  standard. 

Aberdeen  Drain,  Main  Drain,  and  Rock  Creek  suffer  from  low 
dissolved  oxygen  levels,  high  bacterial  densities,  and  nuisance 
aesthetic  conditions.  Each  of  these  small  waterways  receives 
large  quantities  of  inadequately  treated  municipal  and  industrial 
wastes  and  agricultural  waste  waters. 

The  lower  Portneuf  River  is  characterized  by  low  pll  levels, 
high  phosphate  concentrations,  sludge  beds,  and  high  bacterial 
counts.  These  problems  result  from  inadequately  treated  domestic 
wastes,  phosphate-processing  plant  wastes,  and  land  drainage. 
Problems  associated  with  pH  and  sludge  beds  are  expected  to  be 
eliminated  when  planned  waste  treatment  and  control  facilities 
are  completed.  Improved  treatment  is  expected  to  decrease 
bacterial  and  phosphate  levels,  but  will  not  provide  the  complete 
control  necessary  to  maintain  these  parameters  within  desirable 
limits . 

The  Blackfoot  Reservoir  located  on  the  top  of  a seam  of 
phosphate  bearing  earth  supports  heavy  algae  growth  which  has  not 
been  detrimental  to  an  extensive  commercial  and  sports  fishery 
for  many  years.  Residential  development  along  the  reservoir 
during  the  past  few  years  and  foreseeable  future  without  pollution 
restrictions  and  surveillance  could  be  a contribution  to  reservoir 
pollution . 
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Table  65  - Projected  Population,  Subregion  4 (5)  1/ 


1980 

2000 

2020 

(thousands) 

Henrys  Fork  Subbasin 

23.0 

24.5 

25.9 

Municipal 

9.8 

11.4 

12.9 

Rural 

13.2 

13.1 

13.0 

Snake  Plain  Subbasin 

63.0 

68.0 

75.0 

Municipal 

18.1 

23.5 

31.4 

Rural 

44.9 

44.5 

43.6 

Main  Stem  Snake  Subbasin 
Idaho  Falls  Service  Area 

264.9 

67.6 

358.0 

106.0 

475.6 

150.3 

Municipal 

51.6 

98.0 

150.3 

Rural 

16.0 

8.0 

- 

Pocatello  Service  Area 

56.7 

79.0 

102.1 

Municipal 

49.2 

75.2 

102.1 

Rural 

7.5 

3.8 

- 

Burley  Service  Area 

24.7 

38.1 

57.9 

Municipal 

19.1 

35.3 

57.9 

Rural 

5.6 

2.8 

Twin  Falls  Service  Area 

49.3 

69.6 

104.6 

Municipal 

40.8 

65.4 

104.6 

Rural 

8.5 

4.2 

- 

Other 

66.6 

65.3 

60.7 

Municipal 

23.7 

27.2 

29.6 

Rural 

42.9 

38.1 

31.1 

Subtotal 

264.9 

358.0 

475.6 

Municipal 

184.4 

301.1 

444.5 

Rural 

80.5 

56.9 

31.1 

Total  Subregion 

350.9 

450.5 

576.5 

Municipal 

212.3 

336.0 

488.8 

Rural 

138.6 

114. S 

87.7 

Differences  between  totals  in  this  table  and  source  are  due  to  differences 
in  subregion  boundaries.  The  source  is  based  on  economic  boundaries  and 
this  table  is  based  on  hydrologic  boundaries.  The  municipal  population 
is  defined  as  that  population  discharging  wastes  to  a municipal  sewerage 
system.  The  rural  population  is  defined  as  the  residual. 
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FUTURE  WATER  QUALITY  MANAGEMENT  NEEDS 

Based  on  the  projected  economic  development  of  the  Upper 
Snake  Subregion,  the  population  is  expected  to  increase  from 
302,000  in  1965  to  576,500  in  2020.  This  represents  an  increase 
of  only  91  percent  for  the  subregion,  compared  with  121  percent 
for  the  region. 

Figure  38  shows  the  projected  population  growth  by  subbasin 
for  the  years  1980,  2000,  and  2020.  The  projected  subbasin  and 
service  area  populations  are  presented  in  table  65  by  municipal 
and  rural  categories.  By  2020,  over  four-fifths  of  the  subregion 
population  will  be  located  in  the  Main  Stem  Snake  Subbasin,  with 
87  percent  of  the  subbasin  population  centered  in  the  four  service 
areas  of  Idaho  Falls,  Pocatello,  Burley,  and  Twin  Falls.  About 
75  percent  of  the  remaining  population  will  be  located  in  the 
Snake  Plains  Subbasin. 

Future  industrial  growth  will  continue  to  be  based  on  the 
subregion's  agriculture  and  phosphate  resources.  Food  processing 
will  continue  to  dominate  in  the  production  of  organic  wastes, 
although  it  is  expected  that  a pulp  and  paper  plant  producing  a 
significant  organic  load  will  locate  in  the  subregion  by  the  end 
of  this  projection  period.  Inorganic  phosphate-processing  wastes 
will  more  than  triple  by  2020. 

The  maintenance  of  high  quality  water  in  the  future  will 
depend  on  the  proper  location  and  treatment  of  wastes,  in  conjunc- 
tion with  careful  management  of  this  highly  regulated  river  system 
to  ensure  that  adequate  assimilative  flows  are  available  below 
waste  discharge  points. 


Future  Waste  Production 


Municipal 

The  projected  municipal  raw  waste  production  for  the  Upper 
Snake  Subregion  is  presented  in  table  66  by  subbasin  and  service 
area.  The  population  served  by  municipal  waste  collection  and 
treatment  systems  is  expected  to  increase  from  43  percent  in  1965 
to  85  percent  by  the  year  2020.  It  has  been  assumed  that  the 
entire  populations  of  the  four  major  service  areas  will  be  served 
by  municipal  collection  systems  by  then.  The  four  service  areas 
are  expected  to  account  for  nearly  85  percent  of  the  subregion's 
municipal  waste  production.  The  Idaho  Falls  Service  Area  will 
produce  36  percent  of  the  service  area  wastes. 
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Table  66  - Projected  Mun 

* 

• 

icipal  Raw 
Subregion 

Organic 

4 

Waste  Production  1/ 

t 

1970 

1980 

(TTHUO 

2000 
■s  P.ETT" 

2020 

llenrys  Fork  Subbasin 

10.6 

12.2 

14.2 

16.1 

Snake  Plain  Subbasin 

17.7 

22.6 

29.4 

39.2 

Main  Snake  Subbasin 

173.6 

230.5 

376.4 

555.7 

Idaho  Falls  Service  Area 

37.5 

64.5 

122.5 

187.9 

Pocatello  Service  Area 

37.7 

61.5 

94.0 

127.6 

Burley  Service  Area 

13.4 

23.9 

44.1 

72.4 

Twin  Falls  Service  Area 

62.6 

51.0 

81.8 

130.8 

Others 

22.6 

29.6 

34.0 

37.0 

Total  Subregion 

201.9 

265.3 

420.0 

611.0 

1/  A factor  of  1.25  was  applied  to  the  municipal  population 
components  to  account  for  the  effects  of  small  commercial 
establishments  and  other  urban  activities  which  add  to 
municipal  waste  loads. 


Industrial 


Projected  raw  organic  waste  productions  for  the  major 
industrial  categories  are  presented  in  table  67  for  the  years 
1980,  2000,  and  2020.  By  the  end  of  the  projection  period  it  is 
expected  that  industries  will  contribute  approximately  34  percent 
of  the  organic  wastes  produced  in  the  subregion.  Food  processing 
will  continue  to  be  the  largest  waste  source,  contributing  93 
percent  of  the  industrial  organic  waste  production.  The  phosphate- 
processing plants  at  Pocatello  will  continue  to  be  a major  source 
of  inorganic  materials,  producing  wastes  containing  phosphorous 
and  fluorine  compounds. 


Table  67  - Projected  Industrial  Raw  Organic  Waste  Production, 

Subregion  4 (5)  (17) 


1970 

1980 

(1,000's 

2000 

P.E.) 

2020 

Food  Products 

3,229.9 

4,547.0 

6,510.0 

7, 934.1 

Pulp  and  Paper 

0.0 

- 

200 . 0 

585. ( 

Total 

3,229.9 

4,547.0 

6,710.0 

8,519.1 

1 / Base  data  from  FWPCA  inventory  of  municipal  and  industrial 
wastes,  Upper  Snake  Subregion,  1965,  see  table  78. 
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Future  growth  is  expected  to  occur  at  existing  operations 
for  most  industries.  Based  on  that  assumption,  most  of  the  food 
processing  waste  increases  would  occur  in  the  Idaho  Falls,  Burley, 
and  Twin  Falls  Service  Areas.  Growth  in  the  chemical  products 
industries  would  occur  at  the  existing  phosphate  processing  plants 
at  Pocatello.  Toxic  wastes  from  these  operations  are  expected  to 
decrease  in  the  future,  however,  as  more  stringent  controls  are 
required  to  meet  water  quality  standards  criteria.  The  projections 
assume  that  a pulp  and  paper  plant  will  locate  in  the  subregion 
by  2000.  It  is  expected  that  such  a pulp  and  paper  operation 
would  locate  near  Bliss,  Idaho,  since  the  streamflow  at  that 
point  would  best  assimilate  the  wastes  produced.  The  Snake  River, 
near  Roberts,  Idaho,  has  also  been  considered  as  a feasible 
location . 


Rural-Domestic 


The  projected  rural-domestic  waste  production  is  summarized 
in  table  68  for  the  years  1980,  2000,  and  2020.  Future  rural - 
domestic  waste  production  is  based  on  the  rural  component  of  the 
population  projections  shown  in  table  65  and  is  assumed  to  be  equal 
to  that  rural  population.  Rural  waste  production  is  expected  to 
decrease  slightly  throughout  the  subregion  due  to  population 
shifts  from  rural  to  urban  areas  and  to  expansion  of  waste  collec- 
tion systems  within  urban  areas. 


Table  68  - Projected 

Rural  Domestic  Raw  Organic 
Subregion  4 

Waste 

Production . 

1970 

1980 

2000 

2020 

(1 ,000's 

P.E.) 

llenrys  Fork  Subbasin 

13.5 

13.2 

13.  1 

13.0 

Snake  Plains  Subbasin 

45.0 

44.9 

44.5 

43.6 

Main  Snake 

98.6 

80.5 

56.9 

31 . 1 

Total 

157.1 

138.6 

114.5 

87.7 

Septic  tanks  and  some  type  of  subsurface  drainage  systems 
are  the  most  likely  method  to  be  used  to  dispose  of  waste  from 
individual  residences  in  the  future.  Some  alternative  method 
should  be  developed  to  dispose  of  wastes  in  the  areas  now  dis- 
charging septic  tank  effluent  to  the  wells  drilled  into  the 
ground-water  aquifer.  Pollution  of  surface  water  from  rural- 
domestic  sources  is  not  expected  to  become  a serious  problem  in 
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the  future,  although  ground-water  contamination  is  a threat  in 
those  areas  overlying  the  Snake  Plain  aquifer. 


Approximately  2.5  million  acres  of  land  are  presently  being 
irrigated  in  the  subregion.  By  2020  the  average  annual  diversion 
requirement  on  new  lands  brought  into  production  is  expected  to  be 
only  approximately  3 acre-feet  per  acre  due  to  better  conveyance 
systems  and  more  efficient  water  management  practices.  The  total 
2020  diversion  requirement  for  the  subregion  would  therefore  be 
about  16.5  million  acre-feet  annually.  Irrigation  of  new  lands  at 
this  level  of  efficiency  will  tend  to  minimize  additional  pollu- 
tion from  irrigation.  In  addition,  water  use  on  presently  irri- 
gated lands  is  expected  to  become  more  efficient,  thus  reducing 
pollution  associated  with  present  operations.  The  definition  of 
potential  water  savings  on  presently  irrigated  lands  was  bevond 
the  scope  of  the  C-NP  Study. 


However,  the  potential  for  pollution  will  increase  in  the 
future  as  more  land  and  storage  are  developed  for  irrigation, 
and  the  problems  that  have  resulted  from  past  operations  will 
intensify  unless  adequate  measures  are  initiated  to  prevent  these 
problems.  Some  system  management  practices  that  have  contributed 
to  pollution  in  the  past  are:  curtailing  streamflow  during  fall 

and  winter  months  at  storage  reservoirs  when  food-processing 
operations  are  discharging  peak  waste  loads;  diverting  stream- 
flows  to  irrigation  canals  before  releases  from  upstream  reservoirs 
reach  the  diversion  point;  and  diverting  the  entire  flow  of  the 
river  to  facilitate  maintenance  work  on  diversion  structures. 


Better  on-farm  application  methods  are  needed  in  much  of 
the  subregion.  Flood  irrigation  of  hay  and  pasturelands  in  the 
Portneuf  Basin  causes  water  pollution  that  could  be  minimized 
through  use  of  a more  efficient  method.  If  the  projected  diver- 
sion requirement  of  about  3 acre-feet  per  acre  is  to  become  a 
reality  in  the  future,  great  increase  in  on-farm  irrigation 
application  efficiencies  is  a must.  Also,  seepage  losses  in 
existing  carriage  facilities  must  be  reduced  considerably. 


Other  Land  Uses 

Projections  of  major  types  of  land  use  in  the  subregion  by 
acres  are  shown  in  table  69.  The  projections  show  a decrease  in 
land  area  for  forest  and  woodland  of  approximately  two  percent  by 
the  year  2020.  The  wood  consumption  demand  by  the  forest  products 
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industry  is  projected  to  increase  sixfold  during  the  same  period. 
The  potential  for  erosion  and  stream  damage  will  be  greater  as 
more  intensive  harvesting  methods  are  employed  by  forest  users. 
Increased  sediment  loads  for  adjacent  streams  may  result. 


Table  69  - Present  and  Projected  Land  Use,  Subregion  4 (5)  (8) 


Land  Use 

1966 

1980 

2000 

2020 

(thousand 

acres) 

Cropland 

3,781 

3,906 

3,872 

3 , 860 

Irrigated 

(2,410) 

(2,842) 

(2,944) 

(3,119) 

Nonirrigated 

(1,371) 

(1,064) 

( 928) 

( 741) 

Forest 

4,297 

4,273 

4,254 

4,206 

Range  1/ 

13,556 

13,362 

13,355 

13,350 

Other  2/ 

1,048 

1,069 

1,097 

1,127 

Total 

22,682 

22,610 

22,578 

22,543 

1/  Does  not  include 

forest  range. 

2/  Includes  barren 

land,  roads, 

railroads , 

small  water  areas, 

urban  and  industrial  areas, 

farmsteads , 

airports , 

etc . 

Use  of  fertilizers  on  new  agricultural  lands  bordering 
streams  and  lakes  could  add  to  nutrient  levels  occurring  in  the 
subregion's  surface  waters  and  could  aggravate  eutrophication 
problems  that  are  already  quite  severe  in  some  areas.  Pesticides 
and  herbicides  applied  to  these  lands  could  also  drain  into  the 
water  bodies  and  build  up  to  toxic  levels  in  higher  levels  of 
aquatic  life  occurring  in  these  waters.  Water  quality  degrada- 
tion from  these  sources  could  be  minimized  by  better  management 
practices  in  the  use  of  fertilizers,  pesticides,  and  herbicides 
on  all  lands. 


Agricultural  Animals 


The  raw  organic  production  by  the  livestock  population 
in  the  subregion  is  expected  to  be  equivalent  to  that  from  a 
population  of  8,800,000  in  1980,  12,000,000  in  2000,  and 
15,800,000  in  2020.  This  would  account  for  approximately  63 
percent  of  the  subregion's  total  raw  organic  waste  production  by 
the  end  of  the  projection  period.  About  five  percent  of  the 
wastes  generated  by  a normally  distributed  animal  population  is 
estimated  to  eventually  reach  the  waterways.  This  is  not  the 
case,  however,  where  large  numbers  of  animals  are  concentrated 
into  small  spaces  as  they  are  in  fcedlots  and  dairies.  The 
potential  for  pollution  from  these  sources  is  high,  particularly 
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at  those  operations  which  are  located  along  streambanks . Economi- 
cal methods  of  control  and  disposal  of  feedlot  wastes  need  to  be 
developed  and  applied  to  all  operations  bordering  surface  waters. 
It  may  be  necessary  to  treat  wastes  at  locations  where  the 
potential  for  ground-water  pollution  is  high. 


Recreation 

As  the  demand  for  water-based  recreation  continues  to  out- 
pace population  growth,  the  wastes  resulting  from  these  activities 
are  expected  to  continue  increasing  at  a rapid  rate.  Construction 
and  expansion  of  adequate  waste  disposal  facilities  at  recreation 
areas  must  keep  pace  with  the  increased  recreational  use  to  pre- 
vent water  pollution  from  this  source.  The  following  summary  of 
projected  raw  waste  production  by  recreation  activities  gives  an 
indication  of  the  amount  of  future  construction  that  will  be 
required. 

Year  Population  Equivalents  1/ 

1970  90,000 

1980  122,500 

2000  225,000 

2020  414,500 

Many  of  the  subregion's  lakes  and  reservoirs  that  now 
receive  heavy  recreational  use  wil  be  used  to  their  full  po- 
tential by  the  end  of  the  projection  period.  Jackson  Lake, 
Palisades  Reservoir,  and  American  Falls  Reservoir  are  expected 
to  receive  particularly  heavy  use  by  then. 


Other  Factors  Influencing  Quality 

Perhaps  the  greatest  threat  to  the  subregion's  water 
quality  is  the  unsightly  algal  growths  that  now  occur  annually 
on  much  of  the  subregion's  surface  waters.  The  growths  are 
stimulated  by  nutrients  originating  from  phosphate  deposits, 
from  agricultural  wastewaters,  from  municipal  sewage,  and  from 
wastes  generated  at  the  phosphate  processing  plants  near  Pocatello. 
These  growths  flourish  in  impounded  waters  where  water  tempera- 
tures are  maximum  and  water  circulation  is  minimum.  Construction 
of  storage  reservoirs  to  meet  future  water  needs  is  expected  to 
add  to  this  problem,  not  only  in  the  impoundment  itself,  but 


JV  Source:  Bureau  of  Outdoor  Recreation  and  U.S.D.A.  Forest 

Service  Projections  for  total  man  recreation  days  (TMRD) . 
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downstream  as  well.  Areas  where  extensive  problems  are  expected 
are  Blackfoot  Reservoir,  American  Falls  Reservoir,  and  Milner 
Reservoir.  Problems  now  experienced  on  other  water  bodies  are 
expected  to  intensify  in  the  future. 

While  erosion  and  sediment  transport  problems  are  not  as 
severe  in  the  Upper  Snake  Subregion  as  they  are  in  other  areas  of 
the  region,  there  is  a need  for  improved  land  management  practices 
to  hold  the  contribution  from  these  sources  to  an  absolute  mini- 
mum. In  particular,  additional  erosion  control  is  needed  in 
Marsh  Creek  Valley  of  the  Portneuf  River  drainage  to  reduce  the 
sediment  load  that  has  been  contributed  by  this  area  in  the  past. 

Although  hydropower  production  is  not  a major  water  user 
and  has  not  been  associated  with  subregion  water  quality  degrada- 
tion in  the  past,  the  potential  for  adverse  water  quality  effects 
is  great  at  installations  that  are  not  operated  to  minimize  these 
effects.  As  hydropower  is  used  more  and  more  to  meet  peak  loads, 

I greater  fluctuations  in  flows  will  result  with  an  accompanying 

lowering  of  the  waste  assimilative  capacity  of  the  stream  during 
low  flow  cycles.  Damming  a free-flowing  stream  for  power  generat- 
f ing  purposes  may  degrade  water  quality,  both  within  the  pool  and 

the  stream  below.  Power  withdrawals  from  lower  level  intakes  are 
deficient  in  dissolved  oxygen  at  times.  An  impoundment  will  alter 
the  water  temperature  regime  that  existed  under  free-flowing 
conditions;  however,  this  may  result  in  an  improved  water  tempera- 
ture regime. 


Quality  Goals 

Quality  goals  are  based  on  state  water  quality  standards 
criteria  established  for  the  subregion  waters.  Water  quality 
standards  for  Wyoming,  Idaho,  Utah,  and  Nevada,  apply  to  portions 
of  the  subregion;  however,  the  standards  adopted  by  Utah  and 
Nevada  are  of  minor  concern  to  maintenance  of  water  quality  in  the 
Upper  Snake  drainage  since  the  subregion  streams  in  these  states 
are  small  headwater  tributaries  in  areas  having  very  little  pollu- 
tion potential.  The  standards  of  all  four  states  contain  two 
provisions  that  are  critical  to  the  maintenance  of  high  quality 
water:  one,  the  antidegradation  provision  which  ensures  that 

waters  whose  existing  quality  is  better  than  the  established 
standards  will  be  maintained  at  that  high  quality;  and  two,  the 
provision  that  the  highest  and  best  practicable  treatment  under 
existing  technology  will  be  applied  to  ail  waste  discharges. 

Waters  in  Idaho  arc  protected  for  domestic  and  industrial 
water  supply,  irrigation,  livestock  watering,  propagation  of 
salmonid  fishes,  and  recreation.  The  critieria  established  to 
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protect  these  uses  will  not  allow  waste  discharges  that  will  cause 
the  dissolved  oxygen  to  be  less  than  75  percent  saturation  at 
seasonal  low,  or  less  than  100  percent  in  spawning  areas  during 
spawning,  hatching,  and  fry  stages  of  salmonid  fishes;  the  temper- 
ature to  exceed  68°F.;  objectionable  turbidity;  and  the  average 
coliform  concentrations  to  exceed  240  per  100  ml  along  the  shores 
of  lakes  and  50  per  100  ml  in  the  main  body  of  a lake  or  stream. 

Waters  in  Wyoming  are  protected  for  municipal  water  supply, 
fish  and  wildlife  propagation,  agriculture,  body  contact  recrea- 
tion, aesthetics,  and  waste  assimilation.  Recreational  use  is 
expected  to  dominate  in  the  future;  little  increase  in  municipal 
water  supply  and  irrigation  water  use  is  anticipated.  Standards 
criteria  established  to  maintain  acceptable  water  quality  to 
permit  these  uses  will  not  allow  activities  or  waste  discharges 
that  will  cause:  a turbidity  increase  of  more  than  15  units; 

dissolved  oxygen  concentrations  of  less  than  6 parts  per  million; 
a temperature  increase  of  more  than  2°F.  (1.1°C.)  where  natural 
temperatures  do  not  exceed  70°F.  (21.1°C.),  nor  an  increase  of 
more  than  4°F.  (2.2°C.)  up  to  a maximum  of  78°F.  (25.5°C.)  where 
natural  temperatures  exceed  70°F.  (21.1°C.);  the  hvdrogen-ion 
concentration  to  fall  outside  the  range  of  6.5  to  8.5;  organisms 
of  the  fecal  coliform  group  to  exceed  240  per  100  ml  as  a geo- 
metric mean  of  the  last  five  consecutive  samples,  nor  exceed  750 
per  100  ml  in  any  one  sample.  In  addition,  the  waters  shall  be 
essentially  free  from  floating  or  settleable  solids;  substances 
causing  taste,  cdor,  or  color;  toxic  substances;  and  radioactive 
materials . 


Waters  in  the  Nevada  portion  of  the  subregion  are  protected 
for  fish  and  wildlife,  aesthetics,  wastewater  assimilation,  irri- 
gation, and  stock-watering  uses.  The  criteria  established  to 
protect  these  uses  vary  appreciably  by  stream  and  reach,  but  in 
general  they  will  not  allow  activities  or  waste  discharges  that 
cause  dissolved  oxygen  concentrations  to  be  less  than  7.5  mg/1; 
biochemical  oxygen  demand  to  exceed  10  mg/1;  temperatures  to 
exceed  80.6°F.  (27°C.)  in  summer  or  57.2°F.  (14°C.)  in  winter; 
hydrogen-ion  concentrations  to  fall  outside  the  range  of  6.5  to 
9.5;  chloride  concentrations  to  exceed  15  mg/1;  phosphate  con- 
centrations to  exceed  0.1  mg/1;  nitrate  concentrations  to  exceed 
1.0  mg/1;  or  total  dissolved  solids  concentrations  to  exceed 
250  mg/1.  In  addition,  the  waters  shall  be  free  from  materials 
which  produce  objectionable  taste  and  odor;  turbidity  and  color; 
visible  floating  oil;  floating  solids  and  debris;  bottom  deposits; 
or  contaminants  and  radionuclides  which  exceed  the  Public  Health 
Service  1962  Drinking  Water  Standards. 

Waters  in  Utah  are  designated  as  class  "C"  to  be  used  for 
domestic  and  industrial  water  supply;  livestock  water  supply; 
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irrigation  water  supply;  propagation  and  perpetuation  of  fish  and 
other  aquatic  life  and  wildlife;  and  recreational  uses.  The 
criteria  established  to  protect  these  uses  prohibits  discharges 
of  toxic  materials  or  wastes  that  will  cause  slicks;  floating 
solids  and  suspended  solids;  chemical  and  radiological  content 
to  exceed  the  Public  Health  Service  1962  Drinking  Water  Standards; 
hydrogen-ion  concentrations  to  exceed  the  range  of  6.5  to  8.5; 
monthly  arithmetical  mean  coliform  density  to  exceed  5,000  per 
100  ml;  monthly  arithmetical  mean  biochemical  oxygen  demand  to 
exceed  5 mg/1  or  dissolved  oxygen  concentrations  to  be  less  than 
5.5  mg/1. 

■ i 

The  above  uses  and  criteria  apply  generally  to  the  waters 
of  the  subregion,  but  water  quality  standards  documents  should 
be  consulted  for  information  on  specific  waters.  A complete  set 
of  each  State's  water  quality  standards  is  available  upon  request 
from  the  following  State  agencies:  Idaho  Department  of  Health; 

Wyoming  Department  of  Public  Health;  Nevada  Department  of  Health 
and  Welfare;  and  Utah  State  Department  of  Health. 


MEANS  TO  SATISFY  DEMANDS 

Controlling  pollution  in  the  Upper  Snake  Subregion  to 
provide  high  quality  water  to  adequately  serve  the  river  system's 
functions  will  require  a coordinated  program  of  waste  reduction, 
flow  regulation,  application  of  waste-controlling  techniques, 
and  development  of  a system  of  cooperative  management  of  the 
watershed  for  pollution  control. 


Waste  Treatment 


Future  Waste  Discharges 


Future  water  quality  management  in  the  subregion  is  largely 
dependent  on  providing  adequate  municipal  and  industrial  waste 
treatment.  For  purposes  of  this  study,  it  is  assumed  that  wastes 
will  be  treated  to  remove  85  percent  of  the  organic  material  by 
1980,  and  that  treatment  will  be  upgraded  to  90  percent  BOD 
removal  by  2000.  In  some  cases  it  may  be  necessary  to  provide 
higher  degrees  of  waste  treatment  for  removal  of  residual  organic 
materials  and  nutrients. 


Based  on  the  above  treatment  levels  and  raw  waste  projec- 
tions presented  earlier,  the  projected  municipal  waste  loadings 
to  be  discharged  to  waters  of  each  subbasin  are  shown  in  table  70. 
The  industrial  waste  loadings  for  major  industrial  categories  are 
presented  in  table  71.  The  total  municipal  and  industrial  organic 
waste  loading  is  expected  to  be  721,800  PE  in  1980;  713,000  PE 
in  2000;  and  913,000  PE  in  2020. 
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Table  70  - Projected  Municipal  Organic  Waste  Discharges, 


Subregion  4 

1980 

2000 

2020 

(1,000's  P.E.) 

Henrys  Fork  Subbasin 

1.8 

1.4 

1.6 

Snake  Plain  Subbasin 

3.4 

2.9 

3.9 

Main  Snake  Subbasin 

34.6 

37.7 

55.6 

Idaho  Falls  Service  Area 

9.7 

12.3 

18.8 

Pocatello  Service  Area 

9.2 

9.4 

12.8 

Burley  Service  Area 

3.6 

4.4 

7.2 

Twin  Falls  Service  Area 

7.7 

8.2 

13.1 

Others 

4.4 

3.4 

3.7 

Total  Subregion 

39.8 

42.0 

61.1 

Table  71  - Projected  Industrial  Organic  Waste  Discharges, 

Subregion  4 


1980 

2000 

2020 

(1,000's  P.E. j 

Food  Products 

682.0 

651.0 

793.4 

Pulp  and  Paper 

- 

20.0 

58.5 

Total 

682.0 

671.0 

851.9 

By  2020,  over  90  percent  of  the  municipal  waste  load  is 
expected  to  originate  in  the  Main  Snake  Subbasin,  mostly  from  the 
; major  service  areas  of  Idaho  Falls,  Pocatello,  Burley,  and  Twin 

r . - Falls.  The  remaining  municipal  waste  load  will  be  scattered  among 

the  numerous  small  communities  in  the  Henrys  Fork  and  Snake  Plain 
Subbasins . 

i 

The  largest  organic  loads,  representing  87  percent  of  the 
total  municipal  and  industrial  loads  produced  by  2020,  will  stem 
from  food  processing  endeavors.  The  major  part  of  the  food  proc- 
essing load  is  generated  at  potato  plants  located  in  the  Henrys 
Fork  and  Main  Snake  Subbasins.  The  largest  concentration  of 
potato  processors  are  located  in  the  Burley  Service  Area,  where 
substantial  growth  in  the  industry  is  expected. 

The  inorganic  wastes  discharged  by  phosphate  processing 
plants  in  the  Pocatello  Service  Area  are  expected  to  be  eliminated 
in  the  future  through  treatment  and  process  controls. 
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The  projections  assume  that  a pulp  and  paper  plant  will 
locate  in  the  subregion  by  2000  and  by  2020  will  be  discharging 
an  organic  waste  load  equivalent  to  a population  of  58,000.  It 
is  assumed  this  plant  will  locate  in  the  Snake  Plain  Subbasin  in 
the  vicinity  of  Bliss,  Idaho. 


Treatment  Costs 


Curves  showing  estimated  costs  of  constructing  (total 
capital)  and  operating  (annual  operation  and  maintenance)  municipal 
sewage  treatment  plants  for  various  treatment  levels  are  presented 
in  the  "Means  to  Satisfy  Demands"  section  of  the  Regional  Summary. 


Other  Pollution  Control  Practices 


Adequate  treatment  of  municipal  and  industrial  wastes, 
coupled  with  the  maintenance  of  base  streamflows  to  assimilate 
residual  and  noncollectable  wastes,  will  do  much  toward  meeting 
the  water  quality  standards  criteria  established  for  the  subregion. 
However,  many  water  quality  problems  are  caused  by  other  practices 
that  must  be  controlled  to  ensure  that  water  quality  standards 
are  maintained  in  the  future. 

The  importance  of  protecting  the  quality  of  the  Snake  Plain 
Aquifer  cannot  be  over-emphasized.  In  addition  to  the  ever-present 
threat  of  pollution  from  waste  sources  above  the  permeable  strata 
overlying  the  aquifer,  the  ground-water  quality  is  seriously 
threatened  by  discharges  of  radioactive  wastes,  septic  tank  efflu- 
ent, storm  drainage,  and  irrigation  waste  water  to  wells  drilled 
into  the  aquifer.  Alternative  means  of  disposing  of  radioactive 
wastes  are  recommended  in  a report  on  a FWPCA  study  of  the  waste 
disposal  practices  at  NRTS.  Lagooning  and  land  disposal  of  these 
wastes  would  have  a lesser  adverse  effect  on  the  environment.  The 
study  now  underway  to  evaluate  the  effects  of  discharging  septic 
tanks,  storm  drainage,  and  agricultural  wastewaters  directly  to 
the  ground  water  will  indicate  the  controls  that  should  be  placed 
on  these  discharges.  It  may  be  necessary  to  construct  sewage 
collection  systems  to  replace  septic  tanks  in  some  areas.  Holding 
or  settling  ponds  may  be  required  to  minimize  the  effects  of 
agricultural  wastewaters  and  storm  drainage.  It  may  be  necessary 
to  prohibit  discharging  these  wastes  to  wells. 

Estimates  of  future  irrigation  requirements  are  based  on 
improved  conveyance  and  distribution  systems,  together  with  more 
efficient  on-farm  application  practices.  Institution  of  these 
practices  will  reduce  the  amount  of  dissolved  and  suspended 
materials  reaching  the  subregion's  waters  through  irrigation 
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returns  but  materials  in  sufficient  quantities  to  cause  water 
quality  degradation  in  receiving  waters  are  still  expected. 
Interception  and  reuse  of  these  returns  would  be  the  best  method 
of  control.  Where  this  is  not  practicable,  it  may  be  necessary 
to  apply  treatment  and/or  other  controls  to  reduce  the  impact  of 
these  returns  in  critical  reaches.  Settling  basins  may  be  required 
to  reduce  the  amount  of  suspended  materials  carried  by  all  agri- 
cultural wastewaters  before  they  are  released  to  surface  waters. 

Controls  to  minimize  land  runoff  of  sediments,  nutrients, 
and  commercial  toxicants  are  essential  for  maintenance  of  water 
quality.  Soil  stabilizing  practices  presently  promoted  for  agri- 
culture should  be  extended  to  include  logging  practices,  construc- 
tion channel  improvements,  and  other  practices  that  bear  upon 
deposition  of  soil  in  water  bodies.  Control  of  fertilizers  and 
commercial  toxicants  through  development  of  optimal  application 
practices  and  careful  controls  is  essential,  in  view  of  the 
increasing  intensity  of  use  of  these  materials. 

The  large  animal  population  in  the  subregion,  in  particular 
those  animals  in  large  feedlots  along  surface  waters,  represents 
one  of  the  largest  sources  of  organic  wastes  in  the  subregion. 
Fences  and  simple  retaining  structures  between  the  animal  habitat 
and  watercourses  should  be  provided  in  order  to  prevent  bank 
erosion  and  to  limit  direct  surface  drainage  so  that  wastes  may 
decompose  through  soil  processes.  At  some  places  it  may  be 
preferable  to  collect  the  waste  from  cattle-holding  facilities  to 
be  distributed  to  the  land  as  a fertilizer,  or  for  treatment 
before  discharging  to  watercourses. 

Recreation  areas  will  be  increasing  in  numbers,  size,  and 
intensity  throughout  the  subregion.  Sewage  disposal  systems 
adequate  to  cope  with  weekend  loads  from  use  by  thousands  will 
be  needed  in  many  recreation  areas.  Facilities  for  collection 
and  pickup  of  litter  and  garbage  must  also  be  made  available, 
since  these  things  may  add  to  the  waterborne  debris  load.  Restric- 
tions on  motorboats  on  heavily  used  lakes  may  be  necessary  to 
keep  oil  and  gas  pollution  at  a minimum.  Sanitary  waste  treat- 
ment or  holding  facilities  should  be  required  on  all  watercraft. 
Facilities  to  receive  the  contents  of  boat  holding  tanks  should 
be  available  at  all  launching  sites. 

Detailed  studies  of  the  algae  problem  are  needed  to  better 
define  the  controls  necessary  to  alleviate  present  conditions 
The  sources  of  nutrients  and  their  point  of  entry  into  surface 
waters  must  be  known  to  determine  the  potential  for  algae  reduc- 
tion through  nutrient  control. 
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Minimum  flow  needs  for  water  quality  control  must  be 
considered  in  planning  future  developments,  or  in  altering  the 
operation  at  existing  sites.  Future  base  power  demands  will  be 
met  with  thermal  installations  and  the  hydroplants  will  be  used 
to  meet  peak  loads  to  the  extent  possible.  Facilities  to  treat 
cooling  water  will  be  required  at  all  thermal  plants  in  the  sub- 
region  to  prevent  the  discharge  of  excess  heat  to  surface  waters 
Re-regulating  reservoirs  should  be  constructed  below  some  hydro 
installations  used  to  meet  peak  power  loads. 


Minimum  Flow  Requirements 

Since  waste  treatment  alone  does  not  provide  an  economic 
solution  for  complete  removal  of  contaminants  from  waste  waters 
and  waste  discharges  from  nonpoint  sources,  a certain  amount  of 
streamflow  is  necessary  for  dilution  and  assimilation  of  residual 
wastes.  The  minimum  flow  requirement  for  assimilation  of  wastes 
is  related  to  a number  of  factors,  including  the  strength  and 
deoxygenation  capacity  of  the  wastes;  and  the  temperature, 
reaeration  capacity,  elevation,  and  minimum  allowable  dissolved 
oxygen  for  the  stream. 

A set  of  generalized  curves  showing  minimum  flow  require- 
ments for  raw  waste  loadings  subjected  to  various  treatment  level 
is  presented  in  figures  39  and  40.  These  figures  give  only 
approximate  requirements  based  on  dissolved  oxygen  standards 
criteria  for  small  to  middle-sized  communities  located  on  tribu- 
tary streams.  The  value  "f"  is  the  ratio  of  the  reaeration 
capacity  of  the  stream  to  the  oxidation  rate  of  the  waste  con- 
tributing to  the  biochemical  oxygen  demand.  Figure  39  shows  the 
flows  required  at  various  elevations  to  meet  Idaho's  dissolved 
oxygen  criterion  at  seasonal  low.  Figure  40  gives  the  flows 
necessary  to  maintain  Wyoming's  dissolved  oxygen  standard. 

Figure  39  and  the  first  curve  in  figure  40  are  based  on  the 
assumption  that  the  standards  criteria  have  been  exceeded  in  the 
past  on  the  streams  in  question.  In  those  locations  where  exist- 
ing quality  is  above  the  minimum  established  in  the  water  quality 
standards  documents,  the  antidegradation  provision  applies.  The 
second  curve  in  figure  40  presents  estimated  minimum  flow  needs 
for  various  waste  treatment  levels  at  locations  where  this  pro- 
vision applies.  The  areas  to  which  the  curves  apply  are  delinea- 
ted in  figure  41. 
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All  curves  are  necessarily  based  on  very  broad  assumptions 
and  are  intended  to  give  an  indication  of  what  is  needed  to  main- 
tain dissolved  oxygen  standards  only.  Other  standards  criteria 
will  control  in  many  cases  and  will  very  likely  require  that  flows 
two  or  three  times  greater  than  those  shown  in  the  figures  be 
provided.  For  example,  in  some  areas  it  lias  been  necessary  to 
provide  a 20/1  streamf low/effluent  discharge  dilution  ratio  to 
prevent  slimes  and  other  aesthetically  displeasing  conditions 
occurring  below  discharges  of  sewage  accorded  secondary  treatment. 
Based  on  per  capita  waste  flows  expected  in  2020,  a streamflow  of 
54  cfs  would  be  required  to  provide  this  diluation  to  secondary 
effluent  from  a community  of  10,000  persons.  In  contrast,  a flow 
of  only  25  cfs  would  be  required  to  meet  a dissolved  oxygen 
standard  which  allows  a deficit  of  1.0  mg/1. 

In  addition  to  the  general  curves  discussed  above  that 
apply  primarily  to  discharges  from  small  municipalities  to  tribu- 
tary streams,  specific  flow  requirements  to  meet  dissolved  oxygen 
standards  criteria  have  been  computed  for  stream  reaches  below 
large  industrial  and/or  municipal  waste  discharges.  Computed 
requirements  are  discussed  by  reach  in  the  following  paragraphs. 

Main  Stem  Snake  River 

' 

Flow  needs  by  month  to  maintain  dissolved  oxygen  standards 
criteria  under  present  and  projected  waste  loadings  have  been 
determined  for  the  Snake  River  through  Milner  Reservoir,  at  Idaho 
Falls,  at  Blackfoot,  at  the  mouth  of  Rock  Creek  below  Twin  Falls, 
and  near  Bliss.  Curves  of  flow  needs  in  cfs  versus  projection 
year  for  85,  90,  and  95  percent  treatment  levels  have  been  devel- 
oped for  each  reach  and  are  presented  in  figures  42  through  46. 

The  curves  represent  the  flow  needs  for  the  month  having  the 
; largest  requirement.  The  maximum  month  varies  by  type  of  waste 

- loading  and  location,  although  usually  it  is  September  or  October, 

when  peak  potato-processing  wastes  are  discharged.  The  annual 
distribution  of  required  flows,  by  month,  expressed  as  percentages 
of  the  maximum  month  requirement,  is  also  shown  for  each  reach  for 
the  year  2020.  The  annual  distribution  of  flow  needs  for  2020 
can  be  used  to  approximate  the  distribution  for  interim  years. 

Thus,  the  figures  can  be  used  to  determine  a flow  need  associated 
with  a given  treatment  level  for  any  month  of  the  projection  period. 
Also,  the  average  flow  requirement  for  any  year  can  be  derived 
by  applying  the  percentage  given  in  the  note  on  each  figure  to  the 
maximum  month  requirement  for  the  year  in  question. 

Flow  needs  in  the  Snake  River  reaches  are  based  primarily 
on  potato-processing  waste  loads.  Because  of  pollution  problems 
in  Milner  Reservoir  and  the  lack  of  flows  to  alleviate  the 
problems,  it  was  assumed  that  no  increase  in  potato-processing 
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waste  discharges  to  Milner  pool  would  be  allowed  after  1980.  It 
was  assumed  that  this  growth  would  take  place  in  Buhl  and  Twin 


Falls.  Also,  it  was  assumed  that  the  sugar  beet  processing  wastes 
now  being  discharged  near  Twin  Falls  would  be  discontinued  by  2000, 
reflecting  available  in-plant  controls  that  eliminate  the  need  for 
discharging  virtually  any  waste. 


YEAR 


FIGURE  46.  Minimum  Flow  Needs  for  Water  Quality  Control,  Snake 
River  near  Bliss 

No^e:  Average  annual  flow  is  77  percent  of  the  maximum  month 

f 1 ow . 


Henrys  Fork  River 

Figures  47  and  48  contain  curves  of  flow  needs  by  years 
and  treatment  levels  for  the  South  Fork  Teton  River  at  Rexburg, 
and  for  the  Henrys  Fork  River  below  the  mouth  of  the  South  Fork 
Teton  River.  Flow  needs  are  based  primarily  on  potato  plant 
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loadings  at  St.  Anthony  and  Rexburg.  Transportation  of  wastes 
from  Rexburg  to  the  Henrys  Fork  River  has  been  considered  a 
competitive  alternative  to  maintaining  minimum  flows  in  the  South 
Fork  Teton  River. 


Management  Practices 

The  management  of  the  water  resources  of  the  Upper  Snake 
is  an  important  factor  in  preserving  water  quality  of  the  streams 
and  rivers.  Detailed  planning  and  adequate  financing  are  required 
so  as  to  prevent  potential  water  pollution  which  would  otherwise 
result  from  increasing  waste  loadings.  Water  quality  must  be  con- 
sidered in  the  planning  and  operation  of  all  new  reservoirs  and 
in  changes  made  in  present  operating  procedures. 

Minimum  flow  needs  for  water  quality  control  must  be  con- 
sidered in  planning  future  hydropower  developments,  or  in  altering 
the  operation  at  existing  sites.  Future  base  power  demands  will 
be  met  with  thermal  installations  and  the  hydroplants  will  be 
used  to  meet  peak  loads  to  the  extent  possible.  Facilities  to 
treat  cooling  water  will  be  required  at  all  thermal  plants  in  the 
subregion  to  prevent  the  discharge  of  excess  heat  to  surface 
waters.  Reregulation  reservoirs  should  be  constructed  below 
hydro  installations  used  to  meet  peak  power  loads. 
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CENTRAL  SNAKE 


INTRODUCTION 

The  Central  Snake  is  the  largest  subregion  in  the  Columbia- 
North  Pacific  Region,  containing  36,825  square  miles  in  the  states 
of  Idaho,  Oregon,  and  Nevada.  The  largest  portion  of  the  sub- 
region  lies  within  the  Snake  River  Plateau  province.  The  area  is 
bounded  on  the  northeast  by  the  Northern  Rocky  Mountains,  on  the 
northwest  by  the  Blue  Mountains,  and  on  the  west  and  southwest  by 
the  Great  Basin. 

The  climate  is  similar  to  that  of  other  subregions  east  of 
the  Cascade  Range--hot,  dry  summers  and  cool  winters  during  which 
most  of  the  precipitation  falls.  Average  annual  temperatures 
range  from  40°  to  50°F.  (4.4°  to  10.0°C.),  and  extreme  tempera- 
tures range  from  -49°  to  117°F.  (-45  to  47.2°C.).  The  plateau 
receives  only  6 to  15  inches  of  precipitation  a year,  while  the 
mountains  average  as  much  as  40  inches.  Much  of  the  precipitation 
at  higher  elevations  is  in  the  form  of  snow,  providing  water  to 
streams  until  June.  Summer  droughts  are  a common  characteristic, 
with  precipitation  averaging  less  than  an  inch  throughout  much  of 
the  subregion.  The  growing  season  ranges  from  160  days  in  the 
lower  valleys  to  less  than  60  days  in  the  mountain  valleys. 

The  economy  is  largely  based  on  agricultural  production  and 
processing.  The  principal  crops  grown  and  processed  are  potatoes 
and  sugar  beets.  The  processing  of  livestock,  dairy,  and  poultry 
products  is  also  of  importance.  There  is  a limited  amount  of 
manufacturing  in  the  Boise  area. 

The  population  of  the  Central  Snake  Subregion,  which  was 
about  268,500  in  1965,  is  concentrated  in  the  area  extending  from 
Boise  into  eastern  Oregon.  As  a result,  large  areas  in  the  sub- 
region  are  very  sparsely  populated. 

The  Central  Snake  Subregion  (figure  49)  is  divided  into  the 
Payette-Weiser , Boise,  and  Snake  River  and  Other  Tributaries  Sub- 
basins. The  major  service  areas  are  the  Ontario-Payette  and 
Boise  areas. 
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PRESENT  STATUS 


The  waste  input  and  water  quality  problems  of  the  subregion 
are  closely  related  to  the  economic  base  of  irrigation,  agriculture, 
and  food-processing.  Food  processors  are  the  major  source  of 
industrial  organic  wastes  and  also  account  for  more  than  three- 
fourths  of  the  organic  waste  loading  treated  in  municipal  systems. 

A graphical  summary  of  the  municipal  and  industrial  waste  pro- 
duction and  discharge  is  presented  in  figure  49.  Agricultural 
animal  waste  drainages  from  cattle  feedlots  and  grazing  areas, 
and  irrigation  return  flows  are  also  major  pollution  sources.  In 
addition,  storage  of  water  for  irrigation  and  irrigation  diver- 
sions contribute  to  pollution  problems  in  several  areas  where 
waste  treatment  is  practiced  by  reducing  the  waste  assimilative 
capacity  of  water  bodies. 

The  quality  of  waters  of  the  Central  Snake  and  its  tribu- 
taries is  generally  suitable  for  most  uses.  However,  serious 
pollution  problems  exist  in  several  areas.  The  most  widespread 
problems  are  prolific  algal  blooms  and  high  coliform  bacterial 
densities.  Localized  areas  of  low  dissolved  oxygen,  high  sus- 
pended sediment,  and  dissolved  solids  also  occur. 


Stream  Characteristics 


Upstream  contributions  to  the  Central  Snake  Subregion 
consist  solely  of  the  flow  at  King  Hill.  This  inflow  is  primarily 
ground-water  effluent  from  the  Thousand  Springs  area,  augmented 
at  times  by  sizable,  uncontrolled  flood  flows.  To  this  inflow 
is  added  the  runoff  from  several  major  tributaries,  which  include 
the  Bruneau,  Boise,  Owyhee,  Malheur,  Payette,  Weiser,  Powder,  and 
Burnt  Rivers.  The  average  annual  runoff  is  about  8,600  cfs  at 
King  Hill  and  16,300  cfs  at  Oxbow,  an  increase  of  7,700  cfs  with- 
in the  subregion. 


Surface-Water  Hydrology 

The  streamflow  regimen  of  the  Snake  River  and  its  tribu- 
taries is  characterized  by  high  flows  from  early  spring  through 
the  first  part  of  the  summer  and  low  flows  from  late  summer 
through  the  winter.  This  is  typical  of  streams  that  receive  a 
large  part  of  their  annual  runoff  from  melting  snow.  In  general, 
the  maximum  floods  for  the  year  occur  during  the  snowmelt  period 
between  March  and  the  last  of  June.  The  runoff  of  the  Snake  River 
at  King  Hill  is  relatively  uniform  throughout  the  year,  since 
about  70  percent  of  the  average  annual  runoff  at  this  point  comes 
from  a group  of  springs  between  Milner  and  King  Hill.  Flows  of 


COLUMBIA- NORTH  PACIFIC 
COMPREHENSIVE  FRAMEWORK  STUDY 

MUNICIPAL  AND  INDUSTRIAL 
WASTES  BY  SUBBASIN 

CENTRAL  SNAKE  SUBREGION  5 


FIGURE  49 


practically  every  major  tributary  stream  are  affected  by  storage 
for  irrigation  and  by  irrigation  diversions  which  reduce  the 
summer  flows  and,  to  some  extent,  increase  the  winter  flows 
through  return  of  irrigation  water.  Table  72  summarizes  mean 
monthly  discharge  data  for  selected  stations. 

Critical  low-flow  conditions  occur  mainly  in  late  summer 
and  through  the  winter.  This  is  also  the  period  of  maximum 
industrial  waste  production.  Occurrence  of  low  flows  is  also  a 
function  of  the  management  regimen  of  the  subregion's  waters. 

Low  flows  are  often  the  result  of  withholding  water  to  build  up 
storage  for  irrigation  or  of  the  actual  diversion  to  the  fields 
of  a significant  part  of  a stream.  One-in-ten-year  low  flow  is 
the  selected  recurrence  frequency  to  predict  critical  low  flows. 
These  data  for  selected  stations  are  summarized  in  table  73.  The 
most  serious  quality  degradation  associated  with  reduction  of 
flows  is  in  the  lower  Boise  River. 

Table  73  - One-in-Ten-Year  Low  Flows,  Subregion  5 (12) 


Stream  and  Location 


One-in-Ten-Year 
Low  Flows  y 
(cfs) 


Bruneau  River  near  Hot  Springs,  Idaho 
Owyhee  River  below  Owyhee  Dam,  Oregon 
Boise  River  near  Boise,  Idaho 
Boise  River  at  Notus,  Idaho 
Malheur  River  near  Hope,  Oregon 
Payette  River  near  Horseshoe  Bend,  Idaho 
Payette  River  near  Payette,  Idaho 
Weiser  River  near  Weiser,  Idaho 
Snake  River  at  Weiser,  Idaho 
Burnt  River  near  Herford,  Oregon 
Powder  River  near  Robinette,  Oregon 
Snake  River  at  Oxbow,  Oregon 

1/  Period  of  1 month. 
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Impoundments  and  Stream  Regulation 

There  are  36  existing  structures  which  have  storage 
capacities  of  5,000  acre-feet  or  more  in  the  Central  Snake  Sub- 
region.  Active  storage  amounts  to  about  4.6  million  acre-feet. 
Development  has  been  directed  largely  to  irrigation.  The  high 
level  of  irrigation  storage  capacity  is  accompanied  by  correspond- 
ing diversion  capacities.  Considerable  alteration  has  been 
imposed  on  the  flow  pattern,  with  two  significant  effects:  winter 


flows  are  diminished  as  reservoirs  are  filled  for  the  irrigation 
season,  and  summer  flows  are  depleted  at  points  below  irrigation 
diversions . 

No  storage  is  authorized  for  water  quality  control  although 
incidental  benefits  result  from  releases  for  other  purposes. 


Ground-Water  Characteristics 


Large  supplies  of  ground  water  are  available  in  certain 
areas  of  the  Central  Snake  Subregion.  The  alluvial  deposits  con- 
situte  the  major  aquifer  unit.  Large  yields  are  obtained  for 
irrigation,  municipal,  and  industrial  use  in  the  Boise,  Payette, 
Weiser,  Baker,  Malheur,  and  Snake  River  Valleys.  Volcanic  rocks 
and  lava  furnish  moderately  large  to  large  yields  to  wells  between 
Boise  and  Mountain  Home,  southeast  of  Mountain  Home,  and  in  the 
Upper  Weiser  Valley,  Cow  Valley,  and  the  Bruneau-Grand  View  area. 

The  general  chemical  character  of  most  ground  water  is  ade- 
quate for  most  purposes.  Localized  ground-water  contamination 
occurs  in  the  Boise  River  Valley  and  at  some  places  where  irriga- 
tion percolation  has  increased  the  mineral  content.  In  most 
aquifer  units,  the  dissolved  solids  are  generally  less  than  500 
mg/1.  Some  aquifers  yield  water  with  excessive  sodium  and  some- 
times with  excessive  fluoride.  A more  detailed  discussion  of 
ground  water  in  the  subregion  is  presented  in  Appendix  V. 


Pollution  Sources 


Municipal  and  industrial  waste  loadings  and  discharges,  in 
population  equivalents,  are  summarized  by  subbasin  in  table  74 
for  the  Central  Snake  Subregion. 

At  present,  municipalities  and  industries  produce  wastes 
equivalent  to  those  from  a population  of  about  1.59  million 
persons.  Of  this  total,  68  percent  is  generated  by  the  food- 
processing industry  and  32  percent  by  municipalities. 

Waste  treatment  and  other  means  of  waste  reduction  decrease 
the  total  organic  load  to  the  subregion's  waters  by  about  52 
percent,  so  that  about  760,280  population  equivalents  actually 
reach  waterways.  Of  this  total,  about  64,720  PE  are  released  by 
municipalities  and  695,560  PE  are  discharged  by  industries. 

Other  important  sources  of  pollution  are  irrigation  return 
flow,  agricultural  animals,  and  land  use  and  management.  Rela- 
tively minor  pollution  loadings  result  from  rural-domestic  sources, 
recreation,  and  natural  sources. 
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Snake  River  and  Other  Tributaries  Subbasin  There  are  twelve 
communities  in  this  subbasin  which  are  served  by  municipal  waste 
collection  and  treatment  systems.  Treatment  practices  are  gener- 
ally adequate  with  an  average  biochemical  oxygen  demand  reduction 
of  about  80  percent.  Approximately  9,950  PE  of  organic  wastes  are 
released  to  watercourses. 


The  most  significant  waste  loading  in  the  subbasin  occurs 
in  the  Ontario  Service  Area,  which  includes  the  communities  of 
Ontario,  Oregon;  and  Fruitland,  New  Plymouth,  and  Payette,  Idaho. 
Approximately  5,300  PE  of  organic  wastes  are  discharged  to  water- 
ways. The  Payette  River  receives  about  4,100  PE  and  the  Malheur 
River  about  1,200  PE.  The  impact  of  these  wastes  is  usually  upon 
the  Snake  River,  since  organic  wastes  in  the  Malheur  and  Payette 
Rivers  are  not  stabilized  when  they  enter  the  Snake. 

In  the  remainder  of  the  subbasin,  only  three  communities 
(Glenns  Ferry,  Idaho;  and  Adrian  and  Nyssa,  Oregon)  have  less  than 
adequate  waste  treatment  (secondary  or  lagoons).  However,  the 
Oregon  Water  Quality  Standards  list  Nyssa  and  Adrian  as  in  need 
of  secondary  treatment  or  the  equivalent  by  May  1970  and  July  1972, 
respectively;  and  the  Idaho  Water  Quality  Standards  require 
secondary  treatment  for  Glenns  Ferry. 

Payette-Weiser  Subbasin  Municipal  waste  treatment  practices 
in  the  Payette-Weiser  Subbasin  are  below  those  in  other  subbasins 
of  the  Central  Snake  Subregion.  An  overall  reduction  of  about  47 
percent  of  the  biochemical  oxygen  demand  is  accomplished  by  munici- 
pal waste  treatment.  As  a result,  approximately  6,970  PE  are 
released  to  waterways.  Of  the  six  communities  with  waste  collec- 
tion and  treatment  facilities,  four  are  in  need  of  improved  treat- 
ment facilities. 


Inadequate  septic  tanks  or  no  waste  treatment  facilities 
are  employed  at  four  communities  in  the  subbasin,  lud:np 
Donnelly,  Cascade,  and  Cambridge,  Idaho.  The  Idaho  Water  Qualit’ 
Standards  require  secondary  treatment  for  these  communities. 

The  only  other  significant  municipal  waste  loadings  are 
from  Weiser,  Idaho,  which  discharges  about  3,500  PE  to  the  Snake 
River;  and  Emmett,  Idaho,  which  releases  about  1,000  PE  to  the 
Payette  River.  The  Idaho  Water  Quality  Standards  call  for  secondarv 
treatment  at  Weiser  by  December  31,  1973. 

Boise  Subbasin  Municipal  waste  treatment  practices  in  the 
Boise  Subbasin  are  generally  adequate.  Treatment  facilities  accom- 
modate an  89  percent  reduction  in  the  biochemical  oxvgen  demand 
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loading,  allowing  about  47,800  PE  to  be  released  to  waterways. 

Of  the  11  communities  which  have  waste  collection  and  treatment 
facilities,  four  provide  secondary  treatment.  However,  secondary 
treatment  at  Boise  is  in  need  of  expansion  to  handle  current 
waste  loadings.  Four  communities  have  lagoons  that  provide  satis- 
factory treatment.  Three  small  communities  (Star,  Notus,  and 
Wilder,  Idaho)  have  no  municipal  treatment  systems.  The  Idaho 
Water  Quality  Standards  call  for  secondary  treatment  at  these 
communities  not  later  than  1970. 

The  Boise  Service  Area,  which  includes  the  communities  of 
Boise,  Garden  City,  Eagle,  Star,  Meridian,  Middleton,  Nampa,  and 
Caldwell,  is  the  principal  municipal  waste  source  in  the  subbasin. 
The  cities  of  Boise,  Caldwell,  and  Nampa--which  provide  secondary 
treatment-account  for  about  97  percent  of  the  municipal  waste 
loading  (46,480  PE)  discharged  from  the  service  area.  Nampa 
recently  constructed  a combined  secondary  waste  treatment  plant 
which  handles  the  wastes  of  the  municipality,  a sugar  company 
refinery,  and  several  food-processing  plants.  The  installation 
handles  about  330,000  PE  and  provides  an  oxygen  demand  reduction 
above  90  percent  during  the  sugar-refining  season  from  October  to 
March.  A waste  loading  of  about  30,000  PE  is  discharged  to  Indian 
, Creek  a tributary  of  the  Boise  River,  during  this  period.  The 

cities  of  Boise  and  Caldwell  discharge  about  10,000  and  5,000  PE 
respectively,  to  the  Boise  River.  Other  municipal  waste  sources 
in  the  Boise  Subbasin  are  relatively  minor. 


Industries 

Snake  River  and  Other  Tributaries  Subbasin  Industrial  waste 
sources  are  concentrated  in  the  Ontario  Service  Area  and  at  Nyssa, 
Oregon.  An  organic  waste  loading  equivalent  to  that  from  a popu- 
lation of  583,100  persons  is  discharged  from  these  areas.  The  two 
principal  waste  sources,  a sugar  refinery  and  a potato  processing 
plant  release  about  290,000  PE  each  to  the  Snake  River.  The  Oregon 
Water  Quality  Standards  indicate  that  these  industries  have  started 
construction  of  facilities  to  reduce  waste  loadings.  The  sugar 
refinery  will  provide  a completely  closed  beet-fluming  system,  and 
the  potato-processing  plant  will  install  secondary  treatment.  A 
canning  company  at  Nyssa,  Oregon,  at  Fruitland,  Idaho,  and  Payette, 
Idaho,  generate  a total  organic  load  of  141,000  PE.  However,  the 
canning  industries  practice  efficient  land  disposal  of  waste  waters, 
resulting  in  minor  waste  loading  to  streams.  Several  meat-packing 
plants  within  the  service  area  represent  minor  waste  sources. 
Adequate  treatment  is  generally  provided  by  the  packing  firms. 

Other  industrial  waste  sources  in  the  subbasin  are  limited 
to  small  meat-packing  plants  at  Homedale,  Idaho,  and  at  Adrian, 

Vale,  and  Baker,  Oregon,  and  a cement  plant  at  Lime,  Oregon.  The 
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meat-packing  plants  generally  provide  disposal  by  septic  tanks  and 
drain  fields,  although  a meat  packing  company  at  Baker  discharges 
wastes  without  treatment.  A total  organic  waste  loading  of  only 
about  1,060  PE  is  released  by  all  of  the  packing  firms.  A cement 
company  at  Lime  discharges  small  quantities  of  inorganic  wastes 
without  any  type  of  treatment. 

Payette-Weiser  Subbasin  The  only  significant  waste  sources 
in  the  Payette-Weiser  Subbasin  are  at  Emmett,  Idaho.  A canning 
company  has  land  disposal  facilities  that  are  in  need  of  expansion. 

Inorganic  wastes  from  a sand  and  gravel  company  are  released  to 
the  Payette  River  without  any  type  of  treatment.  The  Idaho  Water 
Quality  Standards  require  that  silt  removal  facilities  be  installed. 

Boise  Subbasin  Industrial  operations  in  the  Boise  Subbasin 
are  concentrated  in  the  Boise  Service  Area.  Food-processing  plants 
along  the  lower  rivers  in  the  cities  of  Boise,  Nampa,  and  Caldwell 
are  the  major  sources  of  wastes.  The  largest  waste  producers  are 
a food-freezing  plant  (potatoes,  corn,  and  onions)  at  Caldwell 
and  a sugar  refinery  at  Nampa.  Several  minor  food -processing 
plants  and  animal  products  manufacturing  plants  are  also  developed 
within  the  service  area. 

Even  though  a high  degree  of  treatment  is  achieved,  indus- 
tries are  responsible  for  the  discharge  of  about  130,000  PE  to 
subbasin  waterways.  A food  processing  plant  at  Caldwell  is  the 
main  source  of  discharged  wastes.  The  plant  provides  primary 
treatment  with  settling  lagoons  and  land  disposal  of  summer  corn- 
freezing wastes,  but  lacks  secondary  waste  treatment  methods  for 
winter  potato-processing  wastes.  As  a result,  about  100,000  PE 
are  released  to  the  Boise  River  during  winter  months.  The  Idaho 
Water  Quality  Standards  require  secondary  treatment  of  the  potato- 
processing wastes  by  December  31,  1970.  The  City  of  Nampa  has  , 

* recently  built  a combined  secondary  waste  treatment  plant  which 

' handles  the  primary  treated  wastes  of  a large  sugar  company  and 

several  other  food-processing  plants.  The  installation  has  an 
oxygen  demand  removal  efficiency  of  about  90  percent,  resulting 
in  an  industrial  waste  discharge  of  about  20,000  PE  to  Indian 
Creek.  The  only  other  significant  waste  source  in  the  Boise 
Service  Area  is  a meat-packing  plant  at  Boise.  This  plant  has 
no  conventional  treatment  facilities;  however,  the  Idaho  Water 
Quality  Standards  call  for  secondary  treatment.  At  present, 
about  8,000  PE  are  discharged  to  the  Boise  River  by  the  plant. 

Outside  of  the  Boise  Service  Area,  the  most  important 
industrial  pollution  source  in  the  subbasin  is  gravel-washing 
activities.  Effects  of  gravel  washing  are  most  notable  along 
the  Boise  River,  where  localized  problems  of  turbidity  and  sedi- 
mentation are  found. 


The  seasonal  pattern  of  industrial  operations  has  a signifi- 
cant effect  on  waste ' loadings . The  sugar  refining  occurs  in  winter, 
with  a start  around  the  first  of  October  that  builds  rapidly  to  a 
December  peak  and  tapers  off  in  March.  Potato  processing  overlaps 
the  sugar  season,  running  from  September  through  May  at  high  levels. 
The  canning  and  freezing  season  occurs  between  April  and  November, 
with  peak  waste  production  in  August  and  September. 


Rural-Domestic 


Table  75  summarizes  by  subbasin  and  subregion  that  portion 
of  the  population  served  by  individual  waste  disposal  systems. 
Approximately  45  percent,  or  121,300  persons,  are  classed  as  rural. 
The  rural  population  generally  depend  upon  disposal  by  septic  tank 
and  drain  fields.  Few  problems  are  associated  with  the  rural 
population,  and  the  problems  that  do  result  are  generally  localized. 
However,  untreated,  unchlorinated  sewage  seepage  from  septic  tanks 
is  a source  of  bacterial  contamination  along  the  Payette  River 
and  Payette  Lake. 


Table  75 


Summary  of  Population  Served  by  Individual  Waste 
Disposal  Facilities,  Subregion  5 1 / 


Subbasin 

Population 

Served 

Thousands 

Percent 

Subregion 

Population 

Percent 

Subbasin 

Population 

Snake  River  and 

37.3 

13.9 

50.2 

Other  Tributaries 
Payette-Wei ser 

21.5 

8.0 

67.0 

Boise 

62.5 

23.3 

38.4 

TOTAL 

121.5 

45.2 

\J  Derived  as  a residual  from  FPCA  Municipal  and  Industrial  Waste 
Inventory,  Central  Snake  Subregion,  1965. 


Irrigation 


There  are  about  1,465,000  irrigated  acres  in  the  Central 
Snake  Subregion.  The  average  water  application  rate  in  the  area 
has  been  estimated  at  3 feet  per  acre,  indicating  a total  demand 
of  4.4  million  acre-feet.  An  estimate  1 60  to  70  percent  of  the 
water  applied  to  irrigation  is  taken  up  by  evaporation  and  trans- 
piration. Thus,  about  3 million  acre-feet  of  water  current ly 
being  removed  from  the  Central  Snake  River  system  does  not 
return  to  the  watercourses.  The  implications  for  flow  and  quality 
of  the  Snake  River  and  tributaries  are  important . 
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The  Snake  River  and  several  tributaries--Bruneau,  Boise, 

Owyhee,  Weiser,  and  Malheur  Rivers--are  extensively  developed  for 
irrigation  use.  The  Payette,  Burnt,  and  Powder  Rivers  have  been 
far  less  developed  although  some  large  irrigation  developments 
have  taken  place  along  these  streams. 

The  effect  of  irrigation  upon  flows  has  been  most  evident 
in  the  Boise  Subbasin.  Depletion  of  streamflow  by  storage  in 
Lucky  Peak  Reservoir  during  winter  months  and  diversion  for  irri- 
gation during  summer  months,  coupled  with  various  waste  sources, 
have  resulted  in  the  curtailment  of  game  fish  production  and  a 
reduction  in  recreational  opportunities  and  aesthetic  values  in 
and  along  about  50  miles  of  the  lower  Boise  River. 

Irrigation  has  little  effect  on  water  quality  in  the 
Weiser  River.  The  very  minor  increase  in  total  dissolved  solids 
from  the  headwaters  to  the  mouth  and  the  river's  ability  to  sup- 
port high  forms  of  aquatic  life  indicate  that  irrigation  does  not 
constitute  an  identifiable  problem. 

The  Bruneau,  Owyhee,  and  Malheur  Rivers  and  several  other 
tributaries  that  wind  through  the  immense  plateau  south  and  west 
of  the  Snake  are  of  very  low  quality  although  they  are  suitable 
for  irrigation  needs.  Their  natural  quality  is  low,  but  intense 
irrigation  use  degrades  them  further.  Each  is  largely  depleted 
by  irrigation,  and  their  return  flows  are  quite  mineralized.  The 
Malheur  River  near  the  mouth  has  an  average  dissolved  solids  con- 
tent of  over  1,000  mg/1. 

Agricultural  Animals 

Agricultural  animal  drainage  is  a prime  source  of  pollu-  •J 

* tion  in  the  Central  Snake  Subregion  where  there  are  three  quarters 

of  a million  cattle.  This  represents  an  organic  waste  production 
equivalent  to  that  from  a population  of  five  million  persons.  An 
estimated  95  percent  of  the  loading  is  removed  by  soil  action  and 
natural  decomposition  so  that  about  250,000  PE  reach  waterways. 

The  largest  concentration  of  animals  is  found  in  the  Boise  River 
Valley,  and  the  density  of  animal  population  on  either  bank  of  the 
Snake  River  from  above  the  mouth  of  the  Boise  to  the  headwaters 
of  Brownlee  Reservoir  is  only  slightly  lower  than  that  in  the 
Boise  River  Valley. 

* ■ 

Agricultural  animals  along  streambanks  tend  to  accelerate 
erosion  and  are  a source  of  coliform  bacteria  and  biochemical 
oxygen  demand  (BOD).  In  fact,  waste  drainages  from  the  large 
numbers  of  animals  along  watercourses  are  partially  responsible 
for  the  high  bacterial  densities  that  occur  throughout  the 
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subregion  waterways.  Streambank  feedlots  and  dairies  are  situated 
at  a number  of  points,  providing  unrestrained  sources  of  serious 
bacterial  contamination.  Less  concentrated  and  significant  are 
pasture  and  grazing  areas  along  watercourses  and  drainage  ditches. 


Other  Land  Use 

Erosion,  resulting  in  the  transport  of  large  volumes  of 
earth  to  watercourses,  is  a perennial  problem  in  much  of  the  sub- 
region.  Sediment  yields  indicate  that  production  ranges  between 
0.02  and  1.5  acre- feet  per  square  mile  per  year.  Only  in  one 
small  area  near  Boise  does  the  yield  exceed  0.5  acre-foot  per 
square  mile  per  year.  Most  of  the  subregion  has  a yield  of 
between  0.1  and  0.2.  The  predominant  source  of  finer  sediments 
is  sheet  and  rill  erosion  on  the  upland  watersheds.  Additional 
amounts  of  fine  sediment  have  been  contributed  by  placer  mining 
operations.  Some  of  the  coarser  sand-size  fractions  are  derived 
from  sheet  wash  on  steep  mountain  slopes,  particularly  where  the 
cover  density  has  been  reduced  by  intensive  grazing  or  fire.  The 
cultivated  lower  valleys  of  the  Boise,  Malheur,  and  Owyhee  Rivers 
carry  heavy  sediment  loads  to  the  Snake  River  during  a thaw  or 
after  a rain. 

Ridge  and  furrow  irrigation  is  being  practiced  on  about  90 
percent  of  the  irrigated  land.  While  less  wasteful  than  wild 
flooding,  ridge  and  furrow  irrigation  sometimes  results  in  sur- 
face runoff  and  accelerated  erosion. 

Clear-cutting  in  blocks  for  regeneration  and  release  is 
the  general  silvicultural  method  of  timber  harvest  although  selec- 
tive cutting  methods  are  practiced  in  some  special  management 
areas.  Timber  harvesting,  regardless  of  logging  method,  seldom 
provides  a major  waste  source  area.  However,  in  many  instances 
the  roads,  skid  trails,  and  skid  roads  needed  for  harvesting  timber 
cause  major  soil  disturbances  which  serve  as  sediment  source  areas. 

Construction  activities  which  strip  vegetative  cover  and 
disturb  soils  can  be  a major  source  of  sediment.  Highway  con- 
struction, dam  construction,  and  channel  improvements  add  signifi- 
cantly to  the  total  annual  sediment  load.  The  immediate  impact 
of  construction  activities  on  streams  tends  to  be  localized  and 
of  short  duration. 


Present  Water  Quality 

The  quality  of  waters  of  the  Central  Snake  River  and  its 
tributaries  is  generally  suitable  in  most  stream  reaches  for  the 
uses  made  of  those  waters.  The  most  serious  and  extensive  water 
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quality  degradations  have  been  caused  by  excessive  aquatic 
vegetation,  sediment  loads  during  the  irrigation  season  and 
periods  of  maximum  snowmelt,  bacterial  contamination  below  a 
number  of  populated  areas,  and  dissolved  oxygen  deficiencies  in 
several  stream  reaches . 


Main  Stem  Snake  River 


As  the  Snake  River  enters  the  Central  Snake  Subregion, 
ground-water  inflows  in  the  Thousand  Springs  area  create,  in 
essence,  a new  river  of  excellent  quality.  A progressive  deteri- 
oration in  water  quality  occurs  as  the  Snake  flows  through  the 
subregion,  particularly  in  the  reach  of  the  stream  below  the  mouth 
of  the  Boise  River.  As  the  Snake  River  leaves  the  subregion, 
Brownlee  Reservoir  acts  as  a huge  settling  pond,  releasing  water 
that  has  undergone  the  natural  processes  of  decomposition  of 
organics,  settling  of  suspended  matter,  cooling,  and  bacterial 
die-off.  The  water  that  passes  from  the  dam  has  been  improved 
within  the  reservoir. 

Figure  33  presents  a generalized  dissolved  oxygen  profile 
for  the  Snake  River.  Dissolved  oxygen  concentrations  of  the 
Central  Snake  are  usually  found  to  be  near  the  saturation  level. 
However,  a persistent  oxygen  depression  occurs  in  the  reservoir 
created  by  Brownlee  Dam.  Surface  dissolved  oxygen  levels  in  the 
reservoir  are  consistently  four  or  five  milligrams  per  liter 
under  the  levels  found  immediately  upstream.  During  late  summer 
the  deeper  portions  of  the  reservoir  are  frequently  devoid  of 
oxygen. 


Biochemical  oxygen  demand  (BOD)  is  a measure  of  the  oxygen- 
utilizing potential  of  organic  materials  present  in  water. 

Figure  34  presents  a generalized  biochemical  oxygen  demand  profile 
for  the  Snake  River.  In  winter  the  BOD  configuration  is  about 
what  might  be  expected  from  a knowledge  of  waste  discharges. 
Background  levels  around  one  mg/1  rise  sharply  as  a result  of  food 
processing  and  other  wastes  of  the  Boise  and  Ontario  Service  Areas 
From  the  Ontario  Service  Area  to  Brownlee  Reservoir  the  BOD  level 
recedes,  since  the  rate  of  waste  stabilization  exceeds  the  rate 
at  which  oxygen-demanding  materials  enter  the  stream.  In  summer, 
biochemical  oxygen-demanding  concentrations  are  strikingly  higher 
than  would  be  expected  from  a knowledge  of  the  greater  flows  and 
much  lower  waste  loads  that  occur.  Unlike  pronounced  winter  bio- 
chemical oxygen-demanding  concentrations  which  appear  to  depress 
dissolved  oxygen  concentrations  at  a number  of  points,  high  summer 
biochemical  oxygen  demand  accompanies  dissolved  oxygen  concentra- 
tions that  are  typically  higher  than  100  percent  of  saturation. 

The  situation  is  presumed  to  be  due  to  the  prolific  aquatic  growth 


found  in  the  river.  Release  of  oxygen  in  the  respiratory  processes 
of  aquatic  plant  life  compensates  for  the  oxygen  demand  created  by 
decomposition  of  the  same  kinds  of  biota. 

The  bacterial  quality  of  the  Central  Snake  River  is  highly 
variable.  Coliform  densities  below  service  areas  are  usually  high 
enough  that  the  water  is  considered  unsuitable  for  water-contact 
recreation  (greater  than  1,000  MPN/100  ml).  Very  high  bacterial 
concentrations  are  found  in  the  Snake  River  below  the  mouth  of  the 
Boise  River.  With  the  advance  of  waste  treatment,  the  levels  have 
dropped  in  recent  years  but  are  still  considered  to  be  above  safe 
limits.  Discharges  of  sanitary  sewage  are  unquestionably  respon- 
sible in  some  measure  for  high  bacterial  concentrations  through 
most  of  the  Central  Snake.  However,  bacterial  concentrations  in 
the  Central  Snake  derived  in  great  part  from  the  large  animal 
populations  and  soil  bacteria  of  the  heavily  irrigated  agricultural 
areas  also  contribute  to  the  problem. 

Figure  35  presents  a generalized  water  temperature  profile 
for  extreme  winter  and  summer  months  under  existing  conditions  of 
the  Snake  River.  As  the  Snake  enters  the  subregion  in  the  Thousand 
Springs  area,  temperatures  are  moderate  through  the  year,  reflecting 
the  fact  that  most  of  the  flow  is  derived  from  springs.  In  winter, 
cooling  results  as  the  warmer,  spring-fed  waters  pass  through  the 
subregion.  In  summer,  significant  temperature  increases  occur, 
since  flow  depletions  due  to  storage  and  diversions  and  the  sur- 
face return  of  irrigation  waters  warmed  on  fields  act  together 
to  raise  prevailing  temperatures.  During  June  and  July  the  aver- 
age monthly  water  temperature  at  King  Hill  is  between  65°  and  66°F. 
(18.3  to  18.9°C.).  The  average  monthly  water  temperature  is  in- 
creased to  over  70°F.  (21.1°C.)  at  Weiser,  and  daily  maximum 
temperatures  of  75°  to  76°F.  (23.9  to  24.4°C.)  are  commonly 
recorded.  Data  from  USGS  "Weekly  Runoff  Reports"  for  1967  show 
that  the  temperature  below  Brownlee  Reservoir  was  as  much  as  10°F. 
(5.6°C.)  lower  than  the  inflowing  water  as  measured  at  Weiser  in 
July.  Fall  temperatures,  however,  are  as  much  as  6°F.  (3.3°C.) 
higher.  These  conditions  are  the  result  of  summer  stratification 
and  low-level  outlets  at  Brownlee  Reservoir.  Cold  water  in  the 
lower  levels  of  the  reservoir  is  withdrawn  during  the  summer 
months.  By  fall,  waters  available  for  release  consist  of  accumu- 
lated warm  summer  inflows  and  resident  reservoir  waters  which 
have  been  heated  during  the  summer  months.  Because  of  the  large 
reservoir  volume,  cool  fall  inflows  have  little  influence  on  dis- 
charge temperatures. 

Sediment  and  suspended  organic  material  result  in  turbid 
conditions  at  many  points.  During  periods  of  high  runoff,  sediment 
concentrations  reach  objectionable  levels  throughout  the  area. 
Suspended  sediment  samples  in  Jordan  Creek  showing  instantaneous 


concentrations  as  high  as  20,700  mg/1  were  obtained  during  recent 
floods.  In  addition,  suspended  sediment  concentrations  of  17,200 
mg/1  and  3,310  mg/1  have  been  reported  in  Bully  Creek  and  the 
Middle  Fork  of  the  Payette  River.  Suspended  organic  matter  is 
often  found  in  heavy  concentrations  below  food  processing  plants, 
although  this  problem  is  receding  as  waste  treatment  advances. 

The  average  dissolved  solids  concentration  as  the  Snake  River 
enters  the  subregion  is  about  340  mg/1.  The  dissolved  solids  level 
of  the  Snake  changes  very  little,  even  though  the  highly  mineralized 
waters  of  the  Malheur  and  Owyhee  Rivers  may  exceed  a concentration 
of  1,000  mg/1. 

Figure  36  shows  a generalized  total  phosphate  profile  for 
the  Snake  River.  In  the  Thousand  Springs  area,  phosphate  concen- 
trations decline  due  to  the  effect  of  dilution  from  ground-water 
inflow.  However,  concentrations  are  still  considerably  above  0.03 
mg/1,  often  considered  to  be  the  threshold  level  for  nuisance 
algal  production.  Tributary  inflows  of  the  Owyhee,  Malheur,  and 
Boise  Rivers  cause  an  increase  in  the  level  of  phosphate  concentra- 
tions. The  deep  pool  environment  of  Brownlee  Reservoir  results  in 
sequestration  of  phosphates,  probably  through  the  settling  of  dead 
aquatic  growths  that  incarnate  phosphorus.  The  result  is  that  the 
Snake  River  below  Brownlee  carries  much  lighter  loads  of  phosphates 
than  it  does  within  the  reservoir. 

High  nitrate  concentrations  are  evident  at  most  points  in 
the  Central  Snake  River.  There  is  a marked  rise  in  the  Thousand 
Springs  area  to  concentrations  above  1.0  mg/1,  suggesting  that 
ground-water  inflows  may  be  the  major  influence  determining  nitrate 
concentrations.  Concentrations  recede  below  Thousand  Springs  to 
about  0.5  mg/1  at  Brownlee  Dam.  Winter  levels  materially  exceed 
those  encountered  in  summer.  No  explanation  is  available,  although 
it  may  be  said  that  lower  production  of  algae  and  other  plants 
under  winter  climatic  conditions  restricts  biological  uptake  of 
nitrates,  while  nitrates  contained  in  wastes  of  food  processing 
may  add  in  some  degree  to  concentrations. 

The  Central  Snake  River  supports  heavy  concentrations  of 
aquatic  growths.  While  excessive  growths  of  algae  and  water  weeds 
are  a type  of  pollutant  throughout  much  of  the  subregion,  they  also 
constitute  an  influence  on  other  pollution  indicators.  Most 
noticeable  is  the  influence  exerted  on  dissolved  oxygen  by  plant 
respiration  and  on  biochemical  oxygen  demand.  Algae  are  probably 
the  principal  source  of  biochemical  oxygen  demand,  far  outranking 
domestic,  municipal,  and  industrial  wastes  in  this  regard. 
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Tributaries 

The  quality  of  tributaries  in  the  Central  Snake  Subregion 
varies.  The  mountain  streams  (Payette,  Boise,  and  Weiser)  tend 
to  be  clear  and  cool  with  high  chemical  quality.  The  Bruneau, 
Owyhee,  Malheur,  and  other  tributaries  that  flow  through  the 
immense  plateau  south  and  west  of  the  Snake  are  usually  warm  and 
are  high  in  sediment  and  dissolved  solids.  The  Boise  River  is  of 
excellent  quality  in  its  headwater  areas,  but  various  waste 
sources  significantly  degrade  the  quality  in  the  lower  reaches. 

Dissolved  oxygen  levels  tend  to  be  high  in  tributaries. 
Even  Indian  Creek,  a small  stream  that  receives  the  wastes  from 
Nampa,  Idaho,  maintains  good  dissolved  oxygen  levels.  However, 
dissolved  oxygen  deficiencies  are  suspected  in  sections  of  the 
Boise  River  where,  seasonally,  waste  discharges  constitute  the 
major  portion  of  the  flow.  The  dissolved  oxygen  pattern  in  the 
Boise  River,  as  shown  in  figure  50,  exhibits  considerably  diurnal 
fluctuation  and  was  lowest  during  an  August  1965  survey  in  the 
vicinity  of  Parma  (5.3  mg/1).  Photosynthetic  and  respirational 
activities  of  aquatic  organisms  are  believed  responsible  for  the 
diurnal  DO  fluctuation. 
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FIGURE  50.  Dissolved  Oxygen,  Percent  of  Saturation,  Boise  River 
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Bacterial  quality  in  tributaries  is  highly  variable.  In 
general,  coliform  densities  below  population  centers  are  high 
enough  that  water  is  considered  unsuitable  for  water-contact 
recreation  (greater  than  1,000  MPN/100  ml).  However,  a signifi- 
cant portion  of  high  bacterial  counts  may  be  attributable  to  the 
large  animal  population.  The  Boise  River  has  consistently  been 
high  in  coliform  densities,  although  the  situation  has  improved 
in  recent  years.  Even  so,  levels  of  71,000  organisms/100  ml  were 
recorded  in  the  winter  of  1965.  Higher  counts  have  been  measured 
in  Indian  Creek,  a tributary  of  the  Boise  River.  Examples  of  the 
bacterial  quality  of  the  Boise  River  are  given  in  figure  51  for 
four  surveys.  All  surveys  indicate  a trend  of  increasing  bacterial 
count  from  upstream  to  downstream. 

Sediment  and  suspended  organic  materials  result  in  turbid 
conditions  at  many  points  in  the  subregion.  During  periods  of 
high  runoff,  sediment  concentrations  reach  objectionable  levels. 
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FIGURE  51.  Coliform  Bacteria  Profile,  Boise  River 
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Suspended  organic  matter  is  often  found  in  heavy  concentrations 
below  food-processing  sites,  although  this  problem  is  receding  as 
waste  treatment  advances.  The  matter  settles  and  results  in  sludge 
deposits  which  are  extensive  in  the  Boise  River  and  noticeable 
elsewhere.  Irrigation  return  flows  are  sometimes  a source  of 
localized  turbidity  during  the  summer.  Silt,  vegetable  matter, 
and  colloidal  materials  of  soil  or  vegetable  origin  are  often 
visible  floating  or  in  suspension  in  waters  flowing  through 
agricultural  areas. 

The  natural  chemical  quality  of  the  streams  reflects  the 
variation  in  climate.  In  the  headwaters  of  the 
Boise,  Payette,  and  Weiser  Rivers,  where  precipitation  averages 
about  40  inches,  the  waters  are  a dilute  (less  than  100  mg/1 
dissolved  solids)  calcium-magnesium  bicarbonate  type.  The  other 
streams  draining  this  subregion  (Bruneau,  Owyhee,  Malheur,  and 
Powder  Rivers)  are  typical  of  most  semiarid  areas  of  the  Snake 
River.  They  contain  fairly  dilute  (100  to  200  mg/1  dissolved 
solids)  bicarbonate  type  waters  in  their  upper  reaches.  The 
amounts  of  calcium  and  sodium  vary,  with  calcium  usually  pre- 
dominating during  the  highflow  periods.  During  most  of  the  year, 
however,  sodium  is  the  predominate  cation.  Most  of  the  streams 
show  changes  in  mineral  quality  as  a result  of  irrigation  return 
flows.  The  dissolved  solids  concentration  can  increase  tenfold 
or  more,  and  the  chemical  composition  is  altered.  The  Owyhee, 
Boise,  and  Malheur  Rivers  show  the  greatest  change.  There  is 
undoubtedly  some  downstream  mineralization  of  the  rivers  as  they 
flow  through  this  semiarid  area,  but  irrigation  diversions  and 
return  flows  have  a much  greater  effect  on  the  chemical  composi- 
tion of  the  water. 

The  waters  of  the  Bruneau  River  and  some  of  its  tributaries 
contain  fluoride  concentrations  in  excess  of  the  limits  set  for 
drinking  waters  by  the  Public  Health  Service.  The  average  fluoride 
concentration  of  six  samples  collected  from  Little  Valley  Creek 
near  Bruneau  was  9.5  mg/1.  Ten  samples  collected  from  the  Bruneau 
River  at  Hot  Springs  during  the  1959  water  year  averaged  2.7  mg/1 
fluoride. 

Concentrations  of  basic  nutrients,  nitrogen  and  phosphorus, 
are  high  in  several  tributaries.  The  Owyhee,  Malheur,  and  Boise 
Rivers  have  particularly  high  phosphate  concentrations.  High 
nutrient  concentrations  have  stimulated  heavy  algal  growths 
throughout  the  Owyhee  and  Malheur  Rivers  and  in  the  lower  reaches 
of  the  Boise  River. 
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Summary  of  Problems 


A graphical  summary  of  water  quality  problem  areas  in  the 
Central  Snake  Subregion  is  presented  in  figure  52.  The  most  ser- 
ious problems  have  been  associated  with  municipal  and  industrial 
wastes,  agricultural  animal  wastes,  and  irrigation  diversion  and 
return  flows. 

The  lower  Boise  River  has  repeatedly  become  polluted  under 
circumstances  that  included  low  streamflow.  Efficient  waste 
treatment  is  generally  practiced  by  the  municipalities  and  indus- 
tries in  this  reach,  but  diversions  for  irrigation  and  flow  inter- 
ruptions connected  with  the  operation  of  Lucky  Peak  Dam  have  had 
undesirable  consequences  on  downstream  water  quality.  Also, 
agricultural  drainages  from  cattle  feedlots  and  irrigation  return 
flows  have  contributed  to  increased  stream  temperatures,  turbidity, 
bacterial  contamination,  and  heavy  algal  growths  in  the  lower 
Boise  River. 

The  Snake  River  between  the  mouth  of  the  Boise  River  and 
Brownlee  Reservoir  is  characterized  by  settling  and  floating 
solids  from  the  discharge  of  municipal  and  industrial  wastes. 

These  conditions  have  tended  to  form  offensive  and  use-inhibiting 
nuisances.  Bacterial  contamination  has  also  been  evident  in  this 
reach.  The  states  of  Oregon  and  Idaho  have  done  much  to  improve 
the  situation  by  implementing  stringent  treatment  programs. 

However,  the  problem  still  persists. 

The  waste  materials  in  the  central  stretch  of  the  Snake 
River  are  trapped  in  Brownlee  Reservoir.  The  materials  that 
settle  include  both  silts  and  organics.  As  a result,  Brownlee 
Reservoir  has  a constant  oxygen  deficiency  of  four  to  five  milli- 
grams per  liter.  Lush  growths  of  algae  mark  the  nool  during  much 
of  the  year,  and  anaerobic  decomposition  of  organic  material  that 
has  settled  to  the  bottom  of  the  pool  produces  noxious  odors  when 
reservoir  turnover  occurs. 

The  Owyhee  and  Malheur  Rivers  have  naturally  low  water 
quality,  and  intensive  irrigation  use  degrades  them  further. 

These  streams  are  seasonally  warm,  high  in  sediment  and  dissolved 
solids,  and  burdened  with  heavy  aquatic  growths. 


FUTURE  WATER  QUALITY  MANAGEMENT  NEEDS 

Based  on  the  projected  economic  development  of  the  Central 
Snake  Subregion,  the  population  is  expected  to  increase  from 
268,500  in  1965  to  553,500  in  2020.  This  is  an  increase  of  106 
percent  for  the  subregion,  compared  with  121  percent  for  the  region. 
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The  projected  subregion  populations  for  the  years  1980, 
2000,  2020  are  shown  in  figure  53.  The  projected  subhasin  and 
service  area  populations  for  municipal  and  rural  categories  are 
presented  in  table  76.  The  municipal  component  of  the  projections 
is  defined  as  that  portion  of  the  population  which  is  served  by 
public  sewage  collection  systems.  By  2020,  nearly  three-fourths 
of  the  subregion's  population  is  expected  to  be  located  in  the 
Boise  and  Ontario  Service  Areas.  The  balance  of  the  population 
will  be  fairly  evenly  distributed  throughout  the  subregion,  with 
larger  concentrations  at  Baker,  Oregon,  and  at  Emmett  and  Mountain 
Home,  Idaho. 


Future  industrial  development  will  be  based  on  the  subregion's 
agricultural  resources.  Food  processing  will  continue  to  dominate 
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FIGURE  53.  Projected  Population,  Subregion  5 
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Table  76  - Projected  Population,  Subregion  S 1/ 


1980 

2000 

(thousands) 

2020 

Payette-Weiser  Subbasin 

40.8 

51.0 

57.5 

Municipal 

14.3 

21.4 

26.0 

Rural 

26.5 

29.6 

31.5 

Boise  Subbasin 

199.7 

278.3 

381.6 

Boise  Service  Area 

182.2 

259.8 

362.1 

Municipal 

150.7 

244.1 

362.1 

Rural 

31.5 

15.7 

- 

Other 

17.5 

18.5 

19.5 

Municipal 

- 

- 

- 

Rural 

17.5 

18.5 

19.5 

Subtotal 

199.7 

278.3 

381.6 

Municipal 

150.7 

244.1 

362.1 

Rural 

49.0 

34.2 

19.5 

Snake  River  and  Other  Tributaries 

88.2 

101.1 

114.4 

Ontario- Payette  Service  Area 

21.7 

28.2 

37.4 

Municipal 

19.9 

27.3 

37.4 

Rural 

1.8 

0.9 

- 

Other 

66.5 

72.9 

77.0 

Municipal 

27.6 

32.2 

34.8 

Rural 

38.9 

40.7 

42.2 

Subtotal 

88.2 

101.1 

114.4 

Municipal 

47.5 

59.5 

72.2 

Rural 

40.7 

41.6 

42.2 

Total  Subregion 

328.7 

430.4 

553.5 

Municipal 

212.5 

325.0 

460.3 

Rural 

116.2 

105.4 

93.2 

1 / Derived  from  Economic  Base  and  Projections,  Appendix  VI, 

Columbia-North  Pacific  Framework  Study,  January,  1971  and  from 
North  Pacific  Division  Corps  of  Engineers  data.  Differences 
between  totals  in  this  table  and  source  are  due  to  differences 
in  subregion  boundaries.  The  source  is  based  on  economic 
boundaries  and  this  table  is  based  on  hydrologic  boundaries. 
The  municipal  population  is  defined  as  that  population  dis- 
charging wastes  to  a municipal  sewerage  system.  The  rural 
population  is  defined  as  the  residual. 
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Future  Waste  Production 

Municipal 

The  projected  municipal  raw  waste  production  for  the  Central 
Snake  Subregion  is  presented  in  table  77.  The  portion  of  the  sub- 
region's population  served  by  municipal  waste  collection  and  treat- 
ment systems  is  expected  to  increase  from  55  percent  in  1965  to 
83  percent  by  the  year  2020.  It  has  been  assumed  that  the  entire 
populations  of  the  two  major  service  areas  will  be  served  by 
municipal  systems  at  that  time. 

Table  77  - Projected  Municipal  Raw  Organic  Waste  Production, 

Subregion  5 1 J 


1970 

1980 

(thousand 

2000 

PE's) 

2020 

Payette-Weiser  Subbasin 

14.8 

17.9 

26.8 

32.5 

Boise  Subbasin 

145.8 

188.4 

305.1 

452.6 

Boise  Service  Area 

143.7 

188.4 

305.1 

452.6 

Other 

2.1 

- 

- 

- 

Snake  River  and  Other  Tributaries 

50.7 

59.4 

74.3 

90.3 

Ontario-Payette  Service  Area 

18.3 

24.9 

34.1 

46.8 

Other 

32.4 

34.5 

40.2 

43.5 

Total  Subregion 

211.3 

265.7 

406.2 

575.4 

1 J A factor  of  1.25  was  applied  to  the  municipal  population  com- 
ponents to  account  for  the  effects  of  small  commercial 
establishments  and  other  urban  activities  which  add  to 
municipal  waste  loads. 


; The  two  major  service  areas  are  expected  to  produce  87  per- 

- cent  of  the  subregion's  municipal  waste  loading  in  2020,  as  com- 

« pared  with  76  percent  in  1965.  The  Boise  Service  Area  will 

account  for  nearly  79  percent  of  the  total  subregion  municipal 
waste  production  by  2020. 

\ 

Industrial 

Projected  raw  organic  waste  loadings  for  the  major  industrial 
categories  are  presented  in  table  78  for  the  years  1980,  2000, 
and  2020.  By  the  end  of  the  projection  period,  it  is  expected 
that  industries  will  contribute  approximately  84  percent  of  the 
subregion's  total  organic  waste  loading.  The  food-processing 
industry  will  continue  to  be  the  largest  organic  waste  source, 
contributing  approximately  70  percent  of  the  industrial  waste 
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production.  The  pulp  and  paper  industry  will  become  a major  source 
of  organic  wastes  by  2020,  contributing  30  percent  of  the  indus- 
trial wastes  produced. 

It  is  assumed  that  future  growth  will  occur  at  existing 
operations  for  most  industries.  Based  on  that  assumption,  most 
of  the  food-processing  waste  increases  will  occur  in  the  Boise 
and  Ontario-Payette  Service  Areas.  The  projections  assume  that  a 
pulp  and  paper  plant  will  locate  in  the  subregion  by  1980,  and 
will  grow  to  five  times  its  initial  size  by  2020.  It  is  expected 
that  such  an  operation  would  locate  near  Weiser,  Idaho,  because 
the  streamflows  at  that  point  would  best  assimilate  the  wastes 
produced.  However,  the  effects  of  the  waste  discharges  on 
Brownlee  Reservoir  and  the  river  downstream  should  be  careful ly 
evaluated  before  allowing  waste  discharges  at  this  location. 


Table  78  - Projected  Industrial  Raw  Organic  Waste  Production, 

Subregion  5 \J  (5)  (17) 


1970 

1980 

(1,000' 

2000 
's  P.E.) 

2020 

Food  Products 

947.7 

1,218.0 

1,825.0 

2,451.0 

Pulp  and  Paper 

0.0 

200.0 

530.0 

1,070.0 

Total 

947.7 

1,418.0 

2,355.0 

3,521.0 

1 J Base  data  from  FWPCA  inventory  of  municipal  and  industrial 


wastes.  Central  Snake  Subregion,  1965. 


Rural-Domestic 


The  projected  rural -domestic  waste  production  is  summarized 
in  table  79  for  the  years  1980,  2000,  and  2020.  The  rural-domestic 
waste  production  was  assumed  to  be  equal  to  the  rural  population 
component  shown  in  table  76.  For  most  areas  in  the  subregion, 
the  rural  waste  production  is  expected  to  remain  relatively  con- 
stant or  to  increase  slightly.  However,  the  Boise  Subbasin  shows 
a significant  decrease  in  rural  waste  loadings. 


Fable  79  - Projected  Rural  Domestic  Raw  Organic  Waste  Production, 

Subregion  5 


1970  1 / 

1980 

2000 

2020 

(1,000* 

s P.E.) 

Payette-Weiser  Subbasin 

23.2 

26.5 

29.6 

31.5 

Boise  Subbasin 

57.9 

49.0 

34.2 

19.5 

Snake  River  and  Other  Tributaries 

38.4 

40.7 

41.6 

42.2 

Total  Subregion 

119.5 

116.2 

105.4 

93.2 

1 _/  Interpolated  from  1965  data  and  1980  projections. 
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Septic  tanks  and  some  type  of  subsurface  drainage  systems 
are  the  most  likely  method  to  be  used  to  dispose  of  wastes  from 
individual  residences  in  the  future.  No  widespread  problems  are 
anticipated  from  this  source  in  the  future,  although  corrective 
measures  may  be  necessary  in  areas  bordering  lakes  and  streams, 
or  where  the  water  table  is  high. 


Irrigation 

Approximately  1,465,000  acres  of  land  are  presently  being 
irrigated  in  the  subregion.  By  2020,  an  additional  995,000  acres 
of  irrigated  land  and  supplemental  water  supplies  for  383,000 
acres  now  under  irrigation  will  be  required  to  meet  projected  food 
and  fiber  needs.  A farm  delivery  of  4,750,000  acre-feet  of  water 
annually  is  required  to  serve  lands  now  under  irrigation.  About 
six  million  acre-feet  are  diverted  annually  from  surface  waters 
to  provide  the  4.75  million  acre-feet  farm  delivery  requirement. 

By  2020,  an  estimated  diversion  of  about  10.5  million  acre-feet 
annually  will  be  required  to  meet  a farm  delivery  requirement  of 
8.46  million  acre-feet.  This  amount  of  water  will  meet  the  present 
irrigation  needs,  supplemental  water  needs,  and  future  new  irriga- 
tion needs. 

Better  management  and  application  of  the  subregion's  irri- 
gation water  supplies  is  needed.  Curtailment  of  streamflows 
during  fall  and  winter  months  to  fill  storage  reservoirs  when 
food-processing  operations  are  discharging  peak  waste  loads  has 
contributed  to  serious  pollution  problems  in  the  past.  As  addi- 
tional storage  space  is  developed  to  control  basin  runoff,  and  as 
more  food-processing  activities  result  from  increased  agricultural 
production,  the  problems  will  grow  worse  under  present  operational 
methods.  More  efficient  use  of  irrigation  water,  both  on-farm 
and  within  conveyance  systems,  will  be  necessary  to  maintain  water 
quality  standards  criteria  in  the  future.  Conversion  from  rill 
and  furrow  to  sprinkle  application  methods  would  require  less 
water  to  be  diverted  from  streams  and  would  reduce  the  amount  of 
irrigation  return  flows  entering  surface  waters. 


Other  Land  Uses 

Projections  of  land  use  in  the  subregion,  by  major  tvpes 
of  use,  are  shown  in  table  80.  The  projections  show  a decrease 
in  land  area  for  forest  and  woodland  of  approximately  1.5  percent 
by  the  year  2020.  In  contrast,  the  wood  consumption  demand  by 
the  forest  products  industry  is  expected  to  increase  21.6  percent 
during  the  same  period.  The  potential  for  erosion  and  tream 
damage  will  be  greater  as  more  intensive  harvesting  methods  are 


employed.  Increased  sediment  loads  for  adjacent  streams  may 
result . 

Erosion  is  a perennial  problem  in  much  of  the  Central 
Snake  Subregion.  There  is  an  urgent  need  for  improved  land  manage- 
ment practices  to  reduce  sediment  yields  below  levels  experienced 
in  the  past. 

Use  of  fertilizers  on  new  agricultural  lands  bordering 
streams  and  lakes  could  add  to  nutrient  levels  occurring  in  the 
subregion's  surface  waters  and  could  aggravate  eutrophication 
problems  that  are  already  quite  severe  in  some  areas.  Pesticides 
and  herbicides  applied  to  these  lands  could  also  drain  into  the 
water  bodies  and  build  up  to  toxic  concentrations  in  higher  levels 
of  the  aquatic  life  forms  in  these  waters.  However,  by  restrict- 
ing the  use  of  pesticides  and  instituting  better  management 

practices  in  the  use  of  fertilizers,  pesticides,  and  herbicides  * 

on  all  lands,  water  quality  degradation  from  these  sources  could 
be  minimized. 


Table  80  - 

Projected  Land 

Use,  Subregion  5 (5) 

(8) 

J 

1966 

1980 

2000 

2020 

(1,000 

acres) 

Land  Use 

i 

Cropland 

1,629 

2,082 

2,184 

2,453 

l 

Irrigated 

(1,421) 

(1,900) 

(2,062) 

(2,589) 

Nonirrigated 

(208) 

(182) 

(122) 

(64) 

Forest 

4,191 

4,174 

4,152 

4,129 

Range  1/ 

16,839 

16,332 

16,200 

15,897 

Other  2/ 

739 

764 

795 

830 

Miscellaneous 

(73) 

r so) 

(90) 

(102) 

, 

Total 

23,398 

23,352 

23,331 

23,516 

y Does  not  include  forest  range. 

2/  Includes  barren  land,  roads,  railroads,  small  water  areas, 
urban  and  industrial  areas,  farmsteads,  airports,  etc. 


Agricultural  Animals 

ihc  raw  organic  waste  production  by  the  livestock  popula- 
tion in  the  subregion  is  expected  to  be  equivalent  to  that  from 
a population  of  7,900,000  in  1980,  10,500,000  in  2000,  and 
13,800,000  in  2020.  This  would  account  for  approximately  77  per- 
cent of  the  total  raw  organic  waste  loading  for  the  subregion  by 
the  end  of  the  projection  period.  It  is  estimated  that  about 
five  percent  of  the  wastes  generated  by  a normally  distributed 
animal  population  eventually  reaches  the  waterways.  This  is  not 
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the  case,  however,  where  large  numbers  of  animals  are  concentrated 
in  small  spaces  as  they  are  in  feedlots  and  dairies.  The  potential 
for  pollution  from  these  sources  is  high,  particularly  at  those 
operations  which  are  located  along  streambanks.  Economical 
methods  of  control  and  disposal  of  feedlot  wastes  need  to  be 
developed  and  applied  to  all  operations  bordering  surface  waters. 

It  may  be  necessary  to  treat  wastes  at  other  locations  where  the 
potential  for  ground-water  pollution  is  high. 

The  concentration  of  animals  now  situated  in  Boise  Valley 
and  along  the  Snake  River  from  the  mouth  of  the  Boise  to  the 
headwaters  of  Brownlee  Reservoir  is  expected  to  increase  in  the 
future,  with  accompanying  waste-control  problems. 


Recreation 


As  the  demand  for  water-based  recreation  continues  to  out- 
pace population  growth,  the  wastes  resulting  from  these  activities 
are  expected  to  continue  increasing  at  a rapid  rate.  Construction 
and  expansion  of  adequate  waste  disposal  facilities  at  recreation 
areas  must  keep  pace  with  the  increased  recreational  use  if  water 
pollution  from  this  source  is  to  be  prevented.  The  following 
summary  of  projected  raw  waste  production  by  recreational  activity 
gives  an  indication  of  the  amount  of  future  construction  that  will 
be  required. 

Year  Population  Equivalents  1/ 


1970 

95,000 

1980 

128,500 

2000 

237,000 

2020 

436,500 

1 / Bureau  of  Outdoor  Recreation  and  U.S.D.A.  Forest  Service 
Projections  for  total  man  recreation  days  (TMRD) . 

Many  of  the  subregion's  lakes  and  reservoirs  that  now 
receive  heavy  recreational  use  will  be  used  to  their  full  potential 
by  the  end  of  the  projection  period.  Lucky  Peak,  Anderson  Ranch, 
and  Cascade  Reservoirs  are  expected  to  receive  particularly  heavy 
use. 


Other  Factors  Influencing  Quality 

The  growths  of  unsightly  algae  that  occur  annually  in  some 
streams  and  reservoirs  are  a serious  water  quality  problem  that 
detract  from  most  water  uses,  particularly  fishing  and  recreational 
pursuits.  These  growths  have  been  quite  troublesome  in  the  Snake 
River  and  Brownlee  Reservoir  in  the  past.  Algal  growths  flourish 
in  impounded  waters  where  water  temperatures  are  maximum  and  water 


circulation  is  minimum.  Construction  of  storage  reservoir  to  meet 
future  water  needs  is  expected  to  add  to  this  problem,  not  only 
in  the  impoundment  itself,  but  downstream  as  well. 

Although  hydropower  production  is  not  a major  water  user 
and  has  not  been  directly  associated  with  subregion  water  quality 
degradation  in  the  past,  the  potential  for  adverse  water  quality 
effects  is  great  at  installations  that  are  not  operated  to  mini- 
mize these  effects. 


Quality  Goals 


Quality  goals  are  based  on  State  water  quality  standards 
criteria  established  for  the  subregion  waters.  Water  quality 
standards  for  Idaho,  Oregon,  and  Nevada  apply  to  portions  of  the 
subregion;  however,  the  standards  adopted  by  Nevada  are  of  minor 
concern  to  maintenance  of  water  quality  in  the  Central  Snake 
drainage  since  the  subregion  streams  in  this  State  are  small  head- 
water tributaries  of  the  Owyhee  and  Bruneau  Rivers  in  areas  having 
very  little  pollution  potential.  The  standards  of  all  three 
states  contain  two  provisions  that  are  critical  to  the  maintenance 
of  high  quality  water:  one,  the  anti -degradation  provision  which 

states  that  waters  whose  existing  quality  is  better  than  the 
established  standards  will  be  maintained  at  that  high  quality 
and;  two,  the  provision  that  the  highest  and  best  practicable 
treatment  under  existing  technology  will  be  applied  to  all  waste 
discharges . 

Waters  in  Idaho  are  protected  for  domestic  and  industrial 
water  supply,  irrigation,  livestock  watering,  propagation  of 
salmonid  fishes,  and  recreation  uses.  Generally,  the  criteria 
established  to  protect  these  uses  will  not  allow  waste  discharge? 
that  will  cause  the  dissolved  oxygen  to  be  less  than  75  percent 
saturation  at  seasonal  low,  or  less  than  100  percent  in  spawning 
areas  during  spawning,  hatching,  and  fry  stages  of  salmonid  fishes 
the  temperature  to  exceed  68°F.  (20°C.);  objectionable  turbidity; 
or  the  average  coliform  concentrations  to  exceed  240  per  100  ml 
along  the  shores  of  lakes,  or  50  per  100  ml  in  the  main  body  of 
a lake  or  stream. 

Waters  in  Oregon  are  protected  for  domestic  and  industrial 
water  supply,  irrigation,  livestock  watering,  salmonid  fish  propa- 
gation, and  recreation  uses.  The  criteria  established  to  protect 
these  uses  will  not  allow  waste  discharges  or  activities  that 
will  cause  dissolved  oxygen  to  be  less  than  75  percent  of  satura- 
tion at  seasonal  low  or  less  than  95  percent  of  saturation  in 
spawning  areas  during  spawning,  hatching,  and  fry  stages  of  sal- 
monid fishes;  the  average  coliform  concentrations  to  exceed  1.000 


[ 


i per  100  ml;  turbidity  to  exceed  5 Jackson  Turbidity  Units  over 

background  values;  any  measurable  increase  when  temperatures 
are  70°F.  (21°C.)  or  above,  or  more  than  2°F.  (1.1°C.)  increase 
when  temperaturees  are  68°F.  (20°C.)  or  below;  or  the  hvdrogen-ion 
concentration  to  fall  outside  the  range  of  7.0  to  9.0. 

Waters  in  the  Nevada  portion  of  the  subregion  are  protected 
for  fish  and  wildlife,  aesthetics,  wastewater  assimilation,  irriga- 
tion, and  stock-watering  uses.  The  criteria  established  to  protect 
these  uses  vary  appreciably  by  stream  and  reach,  but  in  general 
they  will  not  allow  activities  or  waste  discharges  that  cause 
dissolved  oxygen  concentrations  to  be  less  than  7 mg/1;  biochemical 
oxygen  demand  to  exceed  10  mg/1;  temperatures  to  exceed  27°C. 
(81°F.)  in  summer  or  14°C.  (57°F.)  in  winter;  hvdrogen-ion  con- 
centration to  fall  outside  the  range  of  6.5  to  8.5;  chloride 
concentrations  to  exceed  5 mg/1;  phosphate  concentrations  to 
exceed  0.1  mg/1;  nitrate  concentrations  to  exceed  1.0  mg/1;  or 
total  dissolved  solids  concentrations  to  exceed  250  mg/1. 

The  above  uses  and  criteria  apply  generally  to  the  waters 
of  the  subregion,  but  water  quality  standards  documents  should  be 
consulted  for  information  on  specific  waters.  A complete  set  of 
each  state's  water  quality  standards  is  available  upon  request 
from  the  following  state  agencies:  Idaho  Department  of  Health; 

Oregon  State  Department  of  Environmental  Quality;  and  Nevada 
Department  of  Health  and  Welfare. 


MEANS  TO  SATISFY  DEMANDS 

Controlling  pollution  in  the  Central  Snake  Subregion  to 
provide  water  quality  adequate  to  serve  the  river  system's  func- 
tions will  require  a coordinated  program  of  waste  reduction,  flow 
regulation,  application  of  waste-controlling  techniques,  and 
development  of  a system  of  cooperative  management  of  the  watershed 
for  pollution  control. 


Waste  Treatment 

Future  Waste  Discharges 


Based  on  the  treatment  levels  shown  in  the  Regional  Summary 
and  the  raw  waste  projections  presented  earlier,  the  projected 
municipal  waste  loadings  to  be  discharged  to  waters  of  each  sub- 
basin are  shown  in  table  81.  The  industrial  waste  loadings  for 
major  industrial  categories  are  presented  in  table  82.  The  total 
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Table  81  - Future  Municipal  Organic  Waste  Discharges,  Subregion  5 


1980 

2000 

(1,000's  P.L.) 

2020 

Payette-Weiser  Subbasin 

2.7 

2.7 

3.2 

Boise  Subbasin 

28.3 

30.5 

45.3 

Boise  Service  Area 

28.3 

30.5 

45.3 

Other 

- 

- 

- 

Snake  River  and  Other  Tributaries 

8.9 

7.4 

9.0 

Ontario-Payette  Service  Area 

3.7 

3.4 

4.7 

Other 

5.2 

4.0 

4.3 

TOTAL  SUBRLG ION 

39.9 

40.6 

57.5 

Table  82  - Future  Industrial  Organic 

Waste  Discharges, 

Subregion  5 

1980 

2000 

(1,000's  P.F.. 

2020 

) 

Food  Products  182.7 

182.5 

245.1 

Pulp  and  Paper  30.0 

53 . 0 

107.0 

TOTAL  212.7 

235.5 

552.1 

By  2020,  about  79  percent  of  the  municipal  waste  load  is 
expected  to  originate  in  the  Boise  Service  Area  and  8 percent  in 
the  Ontario-Payette  Service  Area.  The  remaining  municipal  waste 
load  will  be  fairly  evenly  scattered  among  the  numerous  small  com- 
munities in  the  subregion. 

The  largest  organic  loads,  representing  60  percent  of  the 
total  municipal  and  industrial  loads  produced  by  2020,  will  stem 
from  food-processing  endeavors.  The  major  part  of  the  food- 
processing load  is  generated  at  potato  plants  located  in  the  Boise 
and  Ontario-Payette  Service  Areas.  Substantial  growth  in  the 
industry  is  expected  to  occur  in  these  two  areas. 

The  projections  assume  that  a pulp  and  paper  plant  will 
locate  in  the  subregion  by  1980  and  by  2020  will  be  discharging 
an  organic  waste  load  equivalent  to  that  from  a population  of 
107,000.  It  is  assumed  this  plant  will  locate  in  the  vicinity  of 
Weiser,  Idaho. 


treatment  Costs 

Curves  showing  estimated  costs  of  constructing  (total 
capital)  and  operating  (annual  operation  and  maintenance)  municipal 
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sewage  treatment  plants  for  various  treatment  levels  are  presented 
in  the  "Means  to  Satisfy  Demands"  section  of  the  Regional  Summary. 


A 


I 
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Other  Pollution  Control  Practices 

Rural  wastes  will  be  of  major  significance  in  a number  of 
areas.  Disposal  of  rural  wastes  to  septic  tanks  and  drain  fields 
will  continue  to  represent  a hazard  to  ground  water  in  the  Boise 
Valley  and  a number  of  other  localized  areas  throughout  the  sub- 
region.  Where  warranted  by  the  population  densities,  the  best 
solution  in  the  problem  areas  is  to  construct  sewage  collection 
and  treatment  facilities.  Where  such  construction  is  not  feasible, 
alternative  disposal  methods  must  be  considered  on  an  individual 
basis . 

The  large  animal  population  in  the  subregion,  particularly 
those  animals  in  large  feedlots  along  surface  waters,  represents 
one  of  the  largest  sources  of  organic  wastes  in  the  subregion. 

Fences  and  simple  retaining  structures  between  the  animal  habitat 
and  watercourses  should  be  provided  in  order  to  prevent  bank 
erosion  and  to  limit  direct  surface  drainage  so  that  wastes  may 
decompose  through  soil  processes.  At  some  places  it  may  be  prefer- 
able to  collect  the  waste  from  cattle-holding  facilities  for  treat- 
ment or  for  distribution  to  the  land  as  a fertilizer. 

Recreation  areas  will  be  increasing  in  numbers,  size,  and 
intensity  throughout  the  subregion.  Sewage  disposal  systems  ade- 
quate to  cope  with  weekend  loads  from  use  by  thousands  will  be 
needed  in  many  recreation  areas.  Facilities  for  collection  and 
pickup  of  litter  and  garbage  must  also  be  made  available,  since 
these  things  may  add  to  the  waterborne  debris  load.  Restrictions 
on  motorboats  on  heavily  used  lakes  may  be  necessary  to  keep  oil 
and  gas  pollution  at  a minimum.  Sanitary  waste  treatment  or 
> holding  facilities  should  be  required  on  all  watercraft.  Facili- 

' ties  to  receive  the  contents  of  boat  holding  tanks  should  also  be 

available  at  all  launching  sites. 

The  lower  reaches  of  the  Malheur,  Owyhee,  and  Boise  Rivers 
are  mostly  irrigation  return  flows  and  Mfjl  waste  loads  in  summer 

months.  Nutrient,  sediment,  and  dissolved  solids  content  of  these 

wastes  is  the  prime  factor  in  the  poor  quality  of  water  in  these 
reaches  and  in  the  Snake  River  below  the  mouth  of  the  Boise  River 
in  late  summer  months.  Nutrient  content  of  these  wastes  contributes 
to  severe  algal  growths  and  accompanying  aesthetically  displeasing 
appearance  of  the  waters  in  these  reaches.  Improved  irrigation 
practices  and  control  of  irrigation  return  flows  and  better  MSI 
treatment  are  essential  to  restore  the  quality  of  these  waters. 
Improved  land  management  practices  are  also  badly  needed. 

Detailed  studies  of  the  algae  problem  are  needed  to  better 
define  the  controls  necessary  to  alleviate  present  conditions. 

The  sources  of  nutrients  and  their  point  of  entry  into  surface 
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waters  must  be  known  to  determine  the  potential  for  algae  reduction 
through  nutrient  control. 


Some  method  of  maintaining  the  outflow  at  Lucky  Peak  Dam 
must  be  devised  to  avoid  water  quality  problems  caused  by  shut- 
down of  the  single  outlet  for  service.  Construction  of  a hydro- 
power  plant  to  pass  flows  during  this  maintenance  period  is  one 
solution  that  has  been  considered. 


Minimum  Flow  Requirements 

Since  waste  treatment  cannot  be  applied  to  noncollectable 
wastes  and  does  not  economically  remove  all  contaminants  from 
collectable  wastes,  a certain  amount  of  streamflow  is  necessary 
for  dilution  and  assimilation  of  residual  wastes  reaching  the 
streams.  Generalized  curves  showing  minimum  flow  requirements 
for  raw  waste  loadings  subjected  to  various  treatment  levels  are 
presented  in  figures  54  and  55.  These  figures  give  approximate 
requirements  based  on  dissolved  oxygen  standards  criteria  only 
for  small  to  middle-sized  communities  located  on  tributary  streams. 
Figures  54  and  the  first  curve  in  figure  55  are  based  on  minimum 
dissolved  oxygen  concentrations  allowable  at  seasonal  low.  In 
those  locations  where  existing  quality  is  above  the  minimum 
established  in  the  water  quality  standards  documents,  the  anti- 
degradation provision  applies.  The  second  curve  in  figure  55 
presents  estimated  minimum  flow  needs  for  various  waste  treatment 
levels  at  locations  where  this  provision  applies.  The  curves  may 
also  be  used  to  indicate  ranges  of  flows  needed  to  assimilate 
industrial  or  agricultural  wastes,  although  they  were  developed 
primarily  for  application  to  municipal  waste  discharges.  The 
areas  to  which  the  individual  curves  apply  are  delineated  in 
figure  56. 

All  curves  are  necessarily  based  on  very  broad  assumptions 
and  are  intended  to  give  an  indication  of  the  magnitude  of  flows 
versus  treatment  needed  to  maintain  dissolved  oxygen  standards 
only.  Other  standards  criteria  will  control  in  many  cases  and 
could  very  likely  require  that  flows  two  or  three  times  greater 
than  those  shown  in  the  figures  be  provided.  For  example,  in 
some  areas  it  has  been  necessary  to  maintain  a 20/1  streamflow/ 
effluent  dilution  ratio  to  prevent  slimes  and  other  aesthetically 
displeasing  conditions  occurring  below  secondary  treated  sewage 
discharges.  Based  on  per  capita  waste  flows  expected  in  2020,  a 
streamflow  of  54  cfs  would  be  needed  to  provide  this  dilution  to 
secondary  effluent  from  a community  of  10,000  persons.  This  is 
about  twice  the  flow  that  would  be  required  to  meet  a dissolved 
oxygen  standard  allowing  a deficit  of  1.0  mg/1. 


FIGURE  54.  Minimum 


Flow  Needs  to  Maintain  Idaho  and  Oreqon 
Dissolved  Oxygen  Standards  Criteria  9 
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In  addition  to  the  general  curves  in  figures  54  and  55, 
specific  flow  requirements  to  meet  dissolved  oxygen  standards  cri 
teria  have  been  computed  for  stream  reaches  below  large  municipal 
and/or  industrial  waste  discharges.  The  computed  f jw  require- 
ments are  discussed  by  reach  in  the  following  paragraphs. 


Main  Stem  Snake  River 


Flow  needs  by  month  to  maintain  dissolved  oxygen  standards 
criteria  under  present  and  projected  waste  loadings  have  been 
computed  for  the  Snake  River  below  the  mouth  of  the  Boise  River. 
Curves  of  these  needs  in  cfs,  plotted  by  projection  year  for  85, 
90,  and  95  percent  treatment  efficiencies,  are  presented  in  figure 
57.  The  curves  represent  flows  needed  during  the  month  having  the 
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FIGURE  57 


Minimum  Flow  Needs  for  Water  Quality  Control,  Snake 
River  at  Payette 

Average  annual  flow  is  62  percent  of  the  maximum 
month  flow. 


highest  requirement.  The  maximum  month  varies  by  type  of  waste 
loading  and  location,  although  it  usually  is  September  or  October 
when  peak  food-processing  wastes  are  discharged.  The  annual 
distribution  of  required  flows  by  month,  expressed  as  percentages 
of  the  maximum  month  requirement,  is  also  shown  for  the  year  2020. 
The  annual  distribution  varies  somewhat  for  interim  years  of  the 
projection  period,  but  the  2020  distribution  can  be  used  to  approxi- 
mate flow  needs  for  these  years  and  stay  well  within  the  overall 
accuracy  of  the  study.  Also,  the  average  flow  requirement  for  any 
year  can  be  derived  by  applying  the  average  annual  percentage 
factor  to  the  maximum  month  requirement  for  the  year  in  question. 
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FIGURE  58.  Minimum  Flow  Needs  for  Water  Quality  Control,  Boise 
River  at  Boise 

Note  : Average  annual  flow  is  91  percent  of  the  maximum 
month  flow. 
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Flow  needs  are  based  on  residual  waste  discharges  reaching 
the  Snake  River  from  the  Boise  River,  and  primarily  on  sugar  beet 
and  potato  processing  loads  discharged  from  the  Ontario-Payette 
Service  Area.  The  dip  in  the  curve  for  2000  is  the  result  of  the 
assumption  that  in-plant  controls  would  curtail  the  discharge  of 
sugar  beet  processing  wastes  by  that  time. 


Boise  River 


Figures  58  and  59  contain  curves  of  flow  needs  during  the 
pi  ejection  period  for  the  Boise  River  at  Boise  and  at  Caldwell, 


TREATMENT  LEVELS 
85%  Z 
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MONTHLY  flow  requirements 


1980  2000  2020 

YEAR 

Minimum  Flow  Needs  for  Water  Quality  Control,  Boise 
River  at  Caldwell 

Average  annual  flow  is  80  percent  of  the  maximum 
month  flow. 


FIGURE  59 


respectively.  Flow  needs  at  Boise  are  based  primarily  on 
municipal  waste  discharges.  Needs  at  Caldwell  are  based  on 
f residual  loadings  from  Boise  and  on  sugar  beet  and  potato  process- 

ing waste  loads  from  the  Nampa-Caldwel 1 area. 

Burnt  River 

A water  quality  control  study  conducted  by  the  Public  Health 
[ Service  in  connection  with  a Bureau  of  Reclamation  water  resource 

development  investigation  in  1966  shows  that  minimum  flows  of  5 
cfs  are  needed  in  Burnt  River  below  Huntington  to  maintain  dis- 
solved oxygen  standards  criteria.  These  flows  must  be  essentially 
free  of  oxygen-demanding  substances,  and  the  dissolved  oxygen 
[ content  must  be  near  saturation  values. 


Management  Practices 

Minimum  flow  needs  for  water  quality  control  must  be  con- 
sidered in  planning  future  hydropower  developments,  or  in  altering 
the  operation  at  existing  sites.  Future  base  power  demands  will 
be  met  with  thermal  installations,  and  the  hydroplants  will  be 
used  to  meet  peak  loads  to  the  extent  possible.  Facilities  to 
treat  cooling  water  will  be  required  at  all  thermal  plants  in  the 
subregion  to  prevent  the  discharge  of  excess  heat  to  surface 
waters.  Re-regulating  reservoirs  should  be  constructed  below 
hydro  installations  used  to  meet  peak  power  loads. 
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SUBREGION  6 
LOWER  SNAKE 


INTRODUCTION 

The  Lower  Snaxe  Subregion  consists  of  the  drainage  area  of 
the  Lower  Snake  River  located  in  southeastern  Washington,  north- 
eastern Oregon,  and  central  Idaho.  The  Northern  Rocky  Mountain 
teriain,  occupying  the  southern  and  northeastern  parts  of  the  area, 
is  generally  mountainous,  with  deep,  narrow  valleys.  The  Columbia 
Plateau,  lying  in  the  northwestern  part  of  the  subregion,  includes 
river  canyons,  basalt  plateaus,  and  the  Palouse  Hills. 

Topography  has  a strong  influence  on  the  climate  of  the  sub- 
region.  The  slopes  of  mountainous  areas  cause  many  different  and 
distinct  micro-climates  with  wide  variations  in  precipitation  and 
temperature.  Summer  temperatures  vary  from  cool  in  the  mountains 
to  warm  in  the  lowlands;  winters  are  generally  cold  and  mild, 
respectively.  However,  even  in  the  lowlands,  extreme  cold  periods 
do  occur.  Extremes  of  -44°  to  109°F.  (-42°  to  43°C.)  have  been 
recorded.  The  average  frost-free  growing  season  is  about  150  days. 
Most  of  the  precipitation  falls  during  the  winter,  and  summers  are 
usually  dry.  Average  annual  precipitation  ranges  from  about  7 to 
40  inches,  depending  mainly  on  the  elevation. 

The  mos.  important  industries  are  forestry,  agriculture, 
and  mining.  In  recent  years,  more  growth  has  been  achieved  in 
forestry  ^nd  food  processing,  while  agricultural  and  mining  employ- 
ment has  been  declining. 

The  population  in  the  Lower  Snake  Subregion  in  1965  was 
about  163,340.  The  population  density  averages  less  than  five 
persons  per  square  mile,  compared  with  more  than  20  persons  per 
square  mile  in  the  region. 

The  Lower  Snake  Subregion  (figure  60)  is  divided  into  the 
Salmon,  Clearwater,  and  Lower  Snake  and  Other  Tributaries  Sub- 
basins. Lewiston  and  Pullman  are  the  major  service  areas. 


PRESENT  STATUS 

Municipalities  and  industries  are  the  largest  sources  of 
organic  wastes  in  the  Lower  Snake  Subregion.  A graphical  summary 
of  municipal  and  industrial  organic  waste  production  and  discharge 
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is  also  presented  in  figure  60.  The  pulp  and  paper  industry 
accounts  for  most  of  the  industrial  waste  loading.  Although  not 
reflected  in  organic  waste  loadings,  sediments  resulting  from 
erosion  of  streambank,  channels,  and  adjacent  lands  are  a major 
pollution  source. 

Generally,  the  surface  and  ground  waters  of  the  subregion 
are  of  excellent  quality.  The  only  exceptions  are  usually  local 
bacterial  contamination  in  several  stream  reaches,  and  turbidity 
and  sediment  problems  associated  with  erosion,  accelerated  by 
periods  of  high  runoff.  The  Snake  River  also  suffers  from  high 
seasonal  water  temperatures  and  excessive  algal  production. 


Stream  Characteristics 


The  principal  tributaries  in  the  Lower  Snake  Subregion  are 
the  Salmon,  Grande  Ronde,  Clearwater,  and  Palouse  Rivers.  The 
Palouse  and  Clearwater  Rivers  drain  the  northern  part  of  the  sub- 
region,  the  former  draining  the  low  wheat  country  of  southeastern 
Washington  while  the  latter  drains  the  high  mountains  as  far  east 
as  the  Bitterroot  Range.  As  a result,  the  Clearwater  has  very 
i heavy  and  swift  runoff  from  rainfall,  as  well  as  considerable 

snowmelt.  The  largest  river  basin  in  the  subregion  is  that  of 
the  Salmon  River,  which  heads  at  high  elevations  and  is  largely 
supported  by  snowmelt.  The  Grande  Ronde  drains  the  Wallowa  and 
the  Blue  Mountains.  Floods  occur  in  winter  and  in  early  spring. 
Sustained  high  flows  occur  in  late  spring  and  summer  from  melting 
snows  in  the  higher  Wallowas. 


Surface-Water  Hydrology 

The  annual  streamflow  pattern  of  the  Lower  Snake  River  is 
uniform.  High  flows  occur  each  year  from  March  through  July,  and 
low  flows  occur  normally  from  August  through  February.  Beginning 
in  March,  melting  of  the  mountain  snow  cover  causes  the  streams 
to  rise.  The  runoff  during  the  following  3 months,  April  through 
June,  averages  about  55  percent  of  the  annual  runoff.  During 
this  high-water  period,  the  streams  usually  attain  the  peak  dis- 
charge for  the  year.  The  principal  factor  influencing  the  seasonal 
runoff  pattern  of  the  tributary  streams  is  the  mean  elevation  of 
the  basins.  Most  of  the  Salmon  River,  South  and  Middle  Fork 
Clearwater  Rivers,  and  the  Imnaha  River  are  at  high  elevations, 
and  the  runoff  pattern  of  these  rivers  is  essentially  the  same 
as  that  of  the  Snake  River.  Most  of  the  drainage  areas  of  the 
North  Fork  Clearwater  and  Grande  Ronde  Rivers  are  at  intermediate 
elevations.  In  these  drainages,  snowmelt  runoff  occurs  earlier, 
and  winter  storms  cause  a greater  runoff  than  in  the  upper  basins. 
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The  basins  of  the  Palouse  River  and  the  small  streams  in 
Washington  are  much  lower  than  those  of  the  other  tributaries. 

In  these  areas,  the  high  water  season  occurs  between  January  and 
April,  because  of  winter  precipitation  augmented  by  snowmelt.  Low 
flows  generally  occur  in  the  late  summer,  and  some  of  the  lower 
tributaries  in  the  Palouse  River  drainage  have  extended  periods 
of  no  flow.  Table  83  presents  monthly  discharge  data  for  selected 
stations  in  the  subregion. 


From  the  standpoint  of  waste  discharge  control,  the  low- 
flow  months  from  August  to  February  are  important.  One-in-ten- 
year  low  flow  is  the  selected  recurrence  frequency  to  predict 
critical  low  flows.  These  data  for  selected  stations  are  sum- 
marized in  table  84. 
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Table  84  - One-in-Ten-Year  Low  Flows,  Subregion  6 (12) 


One- in -Ten- Year 


Stream  and  Location  Low'  Flow 

(cfs)  y 

Salmon  River  near  Challis,  Idaho  430 

Salmon  River  at  Salmon,  Idaho  730 

Salmon  River  near  French  Creek,  Idaho  2,500 

Salmon  River  at  White  Bird,  Idaho  2,900 

Grande  Ronde  River  at  Rondowa,  Oregon  320 

Selway  River  near  Lowell,  Idaho  400 

Lochsa  River  near  Lowell,  Idaho  290 

Clearwater  River  at  Kamiah,  Idaho  800 

Clearwater  River  at  Spalding,  Idaho  3,100 

Snake  River  near  Clarkston,  Washington  11,800 

Palouse  River  at  Hooper,  Washington  <20 

Snake  River  below  Ice  Harbor  Dam  12,600 


y Period  of  1 month. 


Impoundments  and  Stream  Regulation 

The  major  impoundments  in  the  Lower  Snake  Subregion  are 
the  Dworshak  Dam  on  the  North  Fork  of  the  Clearwater  River  and 
Hells  Canyon,  Lower  Granite,  Little  Goose,  Lower  Monumental  Dams, 
and  Ice  Harbor  on  the  Snake  River.  Most  dams  in  the  subregion 
are  relatively  new,  and  the  effect  of  impoundments  on  water 
quality  has  not  yet  been  determined;  however,  several  impoundments 
are  expected  to  significantly  alter  water  quality. 
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Ground- Water  Characteristics 

Two  aquifer  units  furnish  most  of  the  ground-water  supplies 
in  the  Lower  Snake  Subregion.  These  are  the  alluvial  deposits 
and  the  basalt  of  the  Columbia  River  Group.  Each  of  these  is 
capable  of  supplying  moderate  to  large  yields  at  favorable  loca- 
tions. However,  the  abundant  quantity  of  excellent  quality  sur- 
face supplies  has  limited  ground-water  development  and  utilization 
in  most  areas. 

The  alluvial  deposits  occur  as  narrow  terraces  along  many 
streams,  and  as  broad  basin  fills  in  some  of  the  headwater  valleys 
' of  the  Salmon  River  in  the  southeastern  part  of  the  subregion. 

Because  many  of  the  alluvial  terrace  deposits  occur  in  narrow  bed- 
rock valleys,  they  may  be  very  important  local  sources  of  ground- 
water  supply.  Generally  these  deposits  are  coarse  and  permeable 
and  will  yield  moderate  to  large  supplies  of  water  where  ten  to 
several  tens  of  feet  of  material  are  saturated.  Water  in  the 
alluvial  deposits  is  generally  of  suitable  quality  for  all  purposes. 
The  water  is  generally  of  a calcium  bicarbonate  type;  the  dissolved 
solids  are  usually  less  than  250  mg/1;  the  water  is  soft  to 

! moderately  hard  and  free  of  troublesome  trace  elements. 

1 

The  Columbia  River  group  will  yield  moderate  to  large 
supplies  of  water  where  a number  of  successive  flows  are  pene- 
trated. However,  interfingering  fine-grained  sedimentary  strata 
reduce  the  permeability  at  some  places.  Also,  the  basalt  chiefly 
underlies  high  plateaus,  such  as  those  in  southeastern  Washington, 
and  at  some  places  the  water  table  is  many  hundred  feet  below  the 
land  surface.  The  waters  in  this  aquifer  unit  are  generally  satis- 
factory for  most  purposes.  The  waters  are  usually  of  the  calcium 
bicarbonate  type,  with  less  than  300  mg/1  dissolved  solids,  and 
are  soft  to  moderately  hard.  The  SAR  is  low,  rarely  exceeding 
2.5  mg/1;  iron  also  is  usually  low;  and  fluorides  seldom  exceed 
1.0  mg/1. 


Pollution  Sources 

Municipal  and  industrial  waste  loadings  and  discharges,  in 
population  equivalents,  are  summarized  by  subbasin  in  table  85  for 
the  Lower  Snake  Subregion. 

At  present,  municipalities  and  industries  in  the  subregion 
produce  wastes  equivalent  to  those  from  a population  of  619,050 
persons.  Of  this  total,  70  percent  is  generated  by  the  pulp  and 
paper  industry,  21  percent  by  municipalities,  and  9 percent  by 
the  food-processing  industry.  The  lumber  and  wood  products 
industry  is  considered  to  be  a major  pollution  source  in  some  areas 
of  the  subrpgion , but  no  quantitative  data  are  available. 
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Waste  treatment  and  other  means  of  waste  reduction  decrease 
the  total  organic  load  to  the  subregion's  waters  by  only  14  percent, 
so  that  about  534,040  population  equivalents  actually  reach  water- 
ways. Of  this  total,  46,740  PE  are  released  by  municipalities, 
and  487,300  PE  are  discharged  by  industries. 

Improper  land  use  and  management  practices,  mining,  and 
construction  operations  result  in  accelerated  erosion  and  high 
sediment  production  in  several  areas.  Other  sources  of  pollution 
in  the  subregion  include  wastes  from  the  rural  population,  irriga- 
tion, agricultural  animals,  recreation,  and  natural  sources. 
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Municipalities 

Salmon  Subbasin  There  are  only  four  communities  in  the 
Salmon  Subbasin  that  provide  sewage  collection  systems.  These 
systems  serve  3,250  persons,  or  about  29  percent  of  the  subbasin 
population.  The  community  of  New  Meadows  operates  efficient 
lagoons.  Cobalt  has  secondary  treatment,  Challis  provides  primary 
treatment,  and  Salmon  has  no  waste  treatment.  A total  organic 
load  of  only  2,030  PE  is  discharged  to  subbasin  waterways  by  these 
facilities.  The  Idaho  Water  Quality  Standards  require  that  Salmon, 
the  largest  waste  source,  install  secondary  treatment.  The  small 
towns  of  Riggins  and  White  Bird  have  no  collection  or  treatment 
systems . 

Clearwater  Subbasin  There  are  seventeen  communities  in 
the  Clearwater  Subbasin  served  by  sewage  collection  and  treatment 
facilities.  Of  this  total,  six  communities  operate  secondary 
treatment  plants  and  six  have  effective  lagoons.  Five  communities 
have  primary  waste  treatment,  but  must  upgrade  to  secondary  treat- 
ment to  satisfy  minimum  State  water  quality  standards. 

Municipal  waste  sources  are  concentrated  in  the  Lewiston 
Service  Area,  where  primary  is  the  prevailing  level  of  waste 
treatment.  A total  organic  waste  load  equivalent  to  that  from 
a population  of  34,900  is  discharged  from  the  service  area.  The 
City  of  Lewiston  accounts  for  about  30,000  PE.  The  Idaho  Water 
Quality  Standards  call  for  secondary  waste  treatment  at  Lewiston 
by  June  30,  1970.  In  addition,  the  Washington  Water  Quality 
Standards  require  installation  of  secondary  treatment,  disinfection 
facilities,  and  proper  outfalls  at  Clarkston  and  Asotin  by 
March  31,  1970. 

Other  waste  sources  in  the  subbasin  are  few  and  scattered. 
Many  small  lumbering  and  agricultural  towns  dot  the  subbasin,  but 
the  wastes  generated  by  the  populations  of  such  towns  are  insig- 
nificant in  the  presence  of  the  large  flows  into  which  they  are 
discharged.  Nevertheless,  the  area  exhibits  a high  level  of  waste 
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treatment,  with  waste  stabilization  lagoons  or  secondary  treatment 
prevailing  at  most  locations.  Only  Orofino  and  Craigmont,  Idaho, 
with  primary  treatment,  have  less  than  adequate  treatment.  The 
Idaho  Water  Quality  Standards  call  for  secondary  treatment  at 
Craigmont  by  December  31,  1969,  and  at  Orofino  by  June  30,  1972. 

Lower  Snake  and  Other  Tributaries  Subbasin  The  level  of 
municipal  waste  treatment  in  this  portion  of  the  Lower  Snake  Sub- 
region  is  generally  high.  Seventeen  of  the  nineteen  communities 
with  waste  collection  and  treatment  systems  have  secondary  waste 
treatment  or  waste  stabilization  lagoons.  An  overall  waste  re- 
duction efficiency  of  86  percent  is  accomplished,  resulting  in  an 
organic  load  to  the  subbasin  waterways  equivalent  to  that  from 
a population  of  7,660. 

The  largest  municipal  waste  source  is  in  the  Pullman  Ser- 
vice Area,  including  the  towns  of  Pullman,  Washington,  and  Moscow, 

Idaho.  Both  communities  have  efficient  secondary  waste  treatment. 

Moscow  discharges  an  organic  load  of  about  2,100  PE  into  Paradise 
Creek,  a small  tributary  which  enters  the  South  Fork  of  the 
Palouse  River  near  Pullman's  city  limits;  and  Pullman  discharges 
about  1,400  PE  to  the  South  Fork  of  the  Palouse  River.  During 
certain  periods  of  the  year,  the  waste  waters  from  the  Moscow 
and  Pullman  waste  treatment  plants  constitute  the  major  portion 
of  streamflow  in  the  South  Fork. 

Existing  waste  treatment  deficiencies  in  the  remainder  of 
the  subbasin  are  minor.  However,  in  the  Grande  Ronde  drainage, 
the  towns  of  Union  and  Wallowa,  Oregon,  are  in  need  of  improve- 
ments. Failure  of  many  of  the  individual  septic  tanks  that  con- 
stitute tht,  waste  disposal  system  of  the  town  of  Union  indicates 
that  a waste  collection  and  treatment  system  is  required.  The 

town's  wastes  enter  small  Catherine  Creek,  which  also  receives  \ 

the  secondary  waste  effluent  of  LaGrande.  A portion  of  the  town 
- of  Wallowa  is  served  by  a community  septic  tank.  The  Oregon 

Water  Quality  Standards  require  that  secondary  treatment  and 
chlorination  be  installed  by  May  1969. 

Industries  j 

Salmon  Subbasin  No  data  are  available  concerning  industrial 
waste  sources  in  the  Salmon  Subbasin.  Waste  discharges  from  saw- 
mills are  believed  to  be  the  most  significant.  Forest  products 

plants  can  discharge  waste  containing  wood  sugars,  floating  solids,  . | 

and  other  organic  materials.  Small  mining  operations  along  the 
Salmon  River  have  resulted  in  localized  turbidity  problems. 

Mining  of  copper  on  Panther  Creek  has  interfered  substantially 
with  the  spawning  success  of  anadromous  fish. 


Clearwater  Subbasin  Industrial  waste  treatment  in  the 
Clearwater  Subbasin  is  minimal.  A total  organic  load  equivalent 
to  that  from  a population  of  487,000  PE  is  discharged  without 
conventional  treatment.  The  most  significant  single  source  of 
organic  wastes  in  the  subregion  is  an  industrial  plant  in  the 
Lewiston  Service  Area.  A complex  of  manufacturing  operations, 
the  plant  includes  a large  lumber  mill,  a plywood  plant,  wood- 
fabricating facilities,  and  an  integrated  pulp,  paper,  and  paper- 
board  mill.  The  pulp  and  paper  plant  provides  no  treatment  of 
wastes,  and  available  information  on  plant  operations  indicates 
that  it  has  a waste-to-product  ratio  well  above  the  norm  for 
modern  sulfate  pulping  plants.  A total  organic  load  of  about 

432.000  PE  is  discharged  to  the  Snake  River.  The  Idaho  Water 
Quality  Standards  require  that  this  industry  provide  primary 
treatment.  A pea-  and  potato-processing  plant  at  Lewiston  also 
discharges  without  waste  treatment.  An  organic  load  of  about 

50.000  PE  is  discharged  to  the  Clearwater  River.  The  Idaho  Water 
Quality  Standards  require  that  primary  treatment  be  installed  and 
connected  to  the  city  collection  system  by  June  30,  1970.  Two 
meat-packing  plants  in  Clarkston,  Washington,  have  inadequate 
waste  treatment.  The  Washington  Water  Quality  Standards  call  for 
primary  treatment  at  these  plants  by  March  31,  1970. 

Other  waste  sources  in  the  subbasin  are  few  and  scattered. 
They  are  limited  to  grain  dumps  or  sawmill  operations.  No  data 
are  available  concerning  the  nature  of  these  wastes,  but  they  are 
not  considered  to  be  major  pollution  sources. 

Lower  Snake  and  Other  Tributaries  Subbasin  Industrial 
waste  production  in  this  portion  of  the  Lower  Snake  Subregion  is 
limited,  and  a high  level  of  treatment  is  generally  practiced. 

The  most  significant  industrial  operations  are  in  the  Grande  Ronde 
drainage.  However,  only  minor  quantities  of  wastes  reach  the 
area's  waterways.  A particle  board  mill  at  Island  City,  Oregon, 
utilizes  lagoons;  and  a plywood  mill  at  Elgin,  Oregon,  operates 
land-disposal  facilities.  A chemical  plant  at  LaGrande,  Oregon, 
disposes  of  organic  waste  residues  by  use  of  non-overflow  lagoons. 
A sausage  company  at  LaGrande  has  a septic  tank  and  drain  field 
for  treatment  of  slaughterhouse  wastes.  A concrete  company  at 
LaGrande  operates  three  settling  ponds  for  removal  of  gravel  wash- 
ings before  discharge  to  the  Grande  Ronde  River.  Small  mining 
operations  have  resulted  in  turbidity  problems  in  the  Upper  Grande 
Ronde  River. 


Rural-Domestic 

Table  86  summarizes  by  subbasin  and  subregion  that  portion 
of  the  population  served  by  individual  waste  disposal  systems. 


272 


i 


Approximately  44  percent,  or  72,000  persons,  are  classed  as  rural. 
The  rural  population  generally  depends  upon  disposal  by  septic 
tanks  and  drain  fields.  Few  problems  are  associated  with  the 
rural  population,  and  those  that  do  result  are  generally  localized. 


Table  86  - Summary  of  Population  Served  by  Individual 
Waste  Disposal  Facilities,  Subregion  6 1/ 


Subbasin 

Population 

Served 

Thousands 

Percent 

of 

Subregion 

Percent 

cf 

Subbasin 

Salmon 

8.0 

4.9 

71.0 

Clearwater 

28.0 

17.1 

41.9 

Lower  Snake  and 
Other  Tributaries 

36.0 

22.0 

42.2 

TOTAL 

72.0 

44.0 

1 / Derived  as  a residual  from  FPCA  Municipal  and  Industrial 
Waste  Inventory,  Lower  Snake  Subregion,  1965. 


Irrigation 


Irrigation  in  the  Lower  Snake  Subregion  is  limited,  par- 
ticularly when  compared  with  the  extensive  irrigation  use  in  the 
Central  and  Upper  Snake  Subregions.  A total  of  about  276,000 
acres  is  irrigated  in  the  subregion,  requiring  an  average  annual 
water  demand  of  about  1,095,000  acre-feet.  Of  this  total,  it  is 
estimated  that  about  552,000  acre-feet  of  water  actually  return 
to  waterways . 


Major  areas  of  irrigation  are  along  the  Tucannon  River, 
near  the  Lewiston  Service  Area,  in  the  upper  Salmon  River,  and  in 
the  Wallowa  and  Grande  Ronde  Valleys.  Streamflow  depletions 
caused  by  storage  and  diversions  and  irrigation  return  flows 
represent  minor  pollution  problems  and  sources  in  these  areas. 
However,  in  the  lower  reaches  of  the  Tucannon  River,  the  stream- 
bed  flattens  out  along  an  area  of  plain,  where  it  is  heavily 
drawn  upon  for  irrigation.  Depleted  and  sluggish,  the  appearance 
of  the  Tucannon  is  reduced  by  erosion  caused  by  high  winds,  sharp 
winter  thaws,  and  bank  caving.  Even  though  the  stream  is 
burdened  by  sediment,  it  is  of  sufficient  chemical  quality  to 
support  a small  salmon  run.  The  only  other  known  problem  associ- 
ated with  irrigation  is  in  the  headwaters  of  the  Salmon  River, 
which  sometimes  suffers  flow  limitations  resulting  from  irriga- 
tion withdrawals  to  limited  bench  areas. 
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Agricultural  Animals 


Agricultural  animal  waste  drainages  in  the  Lower  Snake 
Subregion  are  a significant  source  of  coliform  bacteria  and  a 
source  of  some  portion  of  biochemical  oxygen  demand.  The  estima- 
ted organic  waste  potential  of  the  animal  population  is  equivalent 
to  that  from  a population  of  3.2  million  people.  An  estimated 
95  percent  of  the  wastes  generated  are  reduced  by  deposit  to  the 
land  and  natural  decomposition,  so  that  about  160,000  PL  eventu- 
ally reach  waterways.  Grazing  and  feeding  of  farm  animals  are 
considered  to  be  a major  waste  source,  but  their  impact  on  water 
quality  is  difficult  to  determine.  The  animal  population  is 
generally  diffused  throughout  the  subregion  although  concentrations 
occur  along  streams  in  several  areas. 

Streambank  feedlots  and  dairies  are  situated  at  a number  of 
points,  providing  unrestrained  sources  of  serious  bacterial  con- 
tamination. Less  concentrated  and  significant  are  pasture  and 
grazing  areas  along  watercourses  and  drainage  ditches.  In  many 
areas  the  streambanks  are  not  even  fenced,  allowing  the  animals 
unrestricted  access  to  the  water.  Under  these  conditions,  high 
biochemical  oxygen-demanding  wastes,  coliform  bacteria,  high 
levels  of  nutrients,  and  solids  are  flushed  into  streams  from  a 
rain  or  washing,  with  significant  effects  on  water  quality. 


Other  Land  Uses 


Land  use  and  management  practices  result  in  a significant 
source  of  pollution  in  the  Lower  Snake  Subregion.  The  most 
important  related  practices  are  dam  construction,  road  construc- 
tion, logging,  and  agriculture. 

The  Lower  Snake  River  and  tributaries  are  undergoing  an 
unusually  active  period  of  dam  construction.  Such  construction 
could  cause  excessive  turbidity  and  sedimentation  problems,  and 
could  threaten  salmonid  migration  if  proper  control  measures  are 
not  followed.  In  general,  adequate  consideration  has  been  given 
to  such  problems  during  the  construction  period.  Water  quality 
impacts  such  as  turbidity  and  sedimentation  which  might  occur 
during  dam  construction  are  subject  to  inspection  and  control  by 
State  and  Federal  agencies. 

Logging,  a significant  cause  of  erosion  in  some  forested 
areas,  is  not  considered  to  be  a major  pollution  source  in  the 
Lower  Snake  Subregion.  Clear  cutting  is  the  general  practice 
with  some  selective  cutting  found  throughout  the  subregion. 
Logging-related  soil  movement  is  associated  primarily  with  logging 
road  construction. 


The  most  significant  pollution  resulting  from  land  use  and 
management  practices  occurs  in  the  agricultural  area  of  the  Palouse 
drainage.  The  Palouse  drainage  has  the  maximum  sediment  yield  of 
the  Pacific  Northwest  area.  Thousands  of  acres  that  have  been 
bared  by  the  plow  are  exposed  to  strong  winds,  spring  rains,  and 
thaw  which  move  great  quantities  of  the  loess  topsoil  into  the 
streams.  The  loess  soils  of  the  area  are  extremely  susceptible 
to  erosion.  The  Palouse  area  has  long  been  a site  of  soil  con- 
servation measures  and  methods  of  development,  but  erosion  con- 
trol measures  have,  in  most  cases,  been  inadequate  as  applied  by 
the  farmer. 


Present  Water  Qualit) 


The  quality  of  waters  in  the  Lower  Snake  Subregion  is 
generally  good;  however,  there  are  some  problems  with  low  D.O., 
turbidity,  nuisance  growth  and  nitrogen  supersaturation.  Streams 
in  the  Palouse  drainage  and  the  Snake  River  suffer  from  the  most 
serious  water  quality  degradation. 


Main  Stem  Snake  River 

Before  the  Snake  River  enters  the  Lower  Snake  Subregion, 
Brownlee  Reservoir  acts  as  a huge  natural  settling  pond,  releasing 
water  that  has  undergone  the  natural  processes  of  decomposition 
of  organics,  settling  of  suspended  matter,  cooling,  and  bacterial 
die-off.  The  water  that  passes  from  the  dam  has  been  improved 
within  the  reservoir;  however,  it  does  have  a dissolved  oxygen 
deficiency. 

Figure  33  presents  a generalized  dissolved  oxygen  profile 
i for  the  Snake  River.  Dissolved  oxygen  concentrations  of  the 

' Lower  Snake  are  usually  found  to  be  near  the  saturation  level. 

However,  a dissolved  oxygen  deficiency  exists  below  Hells  Canyon 
Dam,  since  dissolved-oxygen-deficient  water  in  the  lower  levels 
of  Hells  Canyon  Reservoir,  caused  by  decomposing  algae  and 
residual  waste  loadings,  is  passed  downstream  through  low-level 
turbine  intakes.  During  spills,  a supersaturated  dissolved  oxygen 
content  exists;  however,  the  concurrent  nitrogen  supersaturation 
results  in  a toxic  condition  for  fish.  The  high  reaeration  rate 
of  the  Snake  River  below  Hells  Canyon  quickly  restores  the  dis- 
solved oxygen  to  near-saturation  levels.  High  oxygen  levels 
persist  in  the  remainder  of  the  Snake,  except  for  a slight  dis- 
solved oxygen  depression  as  a result  of  waste  discharges  from  the 
Lewiston  Service  Area.  This  depression  does  not  constitute  a 
problem  at  present,  but  could  be  magnified  with  the  filling  of 
the  Lower  Granite  Reservoir. 
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Biochemical  oxygen  demand  (BOD)  is  a measure  of  the  oxygen- 
utilizing potential  of  organic  materials  present  in  water.  Figure 
34  presents  a generalized  biochemical  oxygen  demand  profile  for 
the  Snake  River.  The  Lower  Snake  River  between  Oxbow  Dam  and  the 
Lewiston  Service  Area  has  an  average  BOD  of  approximately  2 mg/1, 
which  is  considerably  higher  than  the  background  BOD  of  1 mg/1, 
since  the  nearest  source  of  waste  loading  is  over  200  miles  up- 
stream, these  HOT  levels  are  higher  than  would  be  expected.  Heavy 
algal  growth-  are  probably  the  cause  of  the  high  values.  The  algae 
exert  a demand  on  the  dissolved  oxygen  as  they  die  off,  and  the 
product'  decomposition  are  recycled  into  the  flowing  water  to 
again  't  mm  lat«.  ilgal  production  further  downstream.  Below  the 
Lewiston  service  Area,  the  BOD  increases  to  over  5 mg/1  as  the 
result  ot  waste  discharges  from  the  pulp  and  paper  mill,  munici- 
palities, and  food -processing  plants.  The  BOD  then  recedes  to 
nearly  background  levels  before  the  Snake  discharges  to  the 
Columbia  River. 

Bacterial  quality  in  the  Lower  Snake  River  is  generally 
adequate  to  support  water-contact  recreation.  Average  coliform 
densities  greater  than  the  1,000  MPN/100  ml  limit  recommended  for 
water-contact  recreation  have  been  found  only  below  the  Lewiston 
Service  Area.  The  bacterial  levels  do  not  indicate  a serious 
bacterial  pollution  problem,  but  they  do  represent  a potential 
threat  to  water-contact  recreation  users. 

Existing  water  temperature  conditions  at  Ice  Harbor  Dam 
(near  the  confluence  with  the  Columbia  River)  are  influenced  by 
releases  from  Brownlee  Reservoir,  and  by  temperatures  of  the 
Salmon  and  Clearwater  Rivers.  Temperature  effects  of  the  Grande 
Ronde  are  reportedly  minor.  Data  indicate  that  temperature 
reductions  through  Brownlee  Reservoir  of  10°F.  (5.6°C.)  are  common 
during  July  and  August.  Fall  temperatures,  however,  are  increased 
by  about  6°F.  to  8°F.  (3°C.  to  4°C.).  These  conditions  are  a 
result  of  low-level  releases  from  Brownlee  Reservoir,  which 
stratifies  during  the  summer  months.  Cold  water  reserves  at  lower 
levels  are  depleted  during  these  months;  consequently,  waters 
available  for  release  in  the  fall  have  been  subjected  to  atmospheric 
warming  and  are  of  higher  than  ambient  temperatures. 

The  temperatures  of  the  Snake  River  at  Ice  Harbor  Dam  are 
lower  than  at  Oxbow  Dam  for  all  but  2 months  of  the  year  because 
of  cool  water  discharges  from  the  unregulated  Salmon  and  Clearwater 
Rivers.  Their  low  temperatures  and  large  discharges  have  a 
depressing  effect  on  Snake  River  temperatures  at  their  respective 
confluences.  However,  at  Ice  Harbor  Dam,  September  and  October 
temperatures  of  65°  to  70°F.  (18°  to  21°C.)  have  been  experienced 
because  of  the  high  temperature  releases  from  Brownlee  Reservoir 
and  the  relatively  smaller  influences  of  the  Salmon  and  Clearwater 
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Rivers  during  these  months.  It  is  estimated  that  the  interaction 
of  Brownlee  Reservoir  releases  with  tributary  inflows  has,  in  an 
average  year,  reduced  the  maximum  summer  temperatures  at  the  mouth 
of  the  Snake  River  from  81°  to  76°F.  (27°  to  24°C.);  reduced  maxi- 
mum month,  mean  temperatures  from  74°  to  71°F.;  and  moved  the 
month  of  maximum  temperature  from  July  to  August . 

Sediment  and  high  turbidity  caused  by  runoff  from  eroded 
upland  fields  and  the  flushing  action  of  spring  floods  are  a major 
water  quality  problem  in  the  Lower  Snake  Subregion.  The  maximum 
concentration  of  sediment  observed  in  the  Lower  Snake  River  has 
been  4,320  mg/1  at  its  confluence  with  the  Columbia  River. 

The  dissolved  solids  concentration  of  the  Snake  River  as 
it  enters  the  subregion  is  in  excess  of  300  mg/1.  The  average 
dissolved  solids  concentration  of  both  the  Grande  Ronde  and 
Salmon  Rivers  as  they  enter  the  Snake  River  is  about  100  mg/1. 
Because  the  combined  flows  of  these  two  tributaries  make  up  more 
than  40  percent  of  the  Snake  below  their  confluence,  they  have 
a considerable  diluting  effect  on  the  Snake  River.  Monthly 
samples  collected  from  the  Snake  River  near  Clarkston,  below  the 
Grand  Ronde  and  Salmon  Rivers,  showed  an  average  dissolved  solids 
concentration  of  about  200  mg/1.  The  water  of  the  Clearwater 
River  is  even  lower  in  dissolved  solids  than  the  Salmon  and 
Grande  Ronde  Rivers  and  reduces  the  level  in  the  Snake  to  about 
150  mg/1.  Other  tributaries  entering  the  Snake  River  have  little 
effect  on  the  dissolved  solids  level  because  their  flows  are 
relatively  small  when  compared  with  that  of  the  main  stem. 


Figure  36  presents  a generalized  total  phosphate  profile 
for  the  Snake  River.  Phosphate  levels  are  significantly  reduced 
in  Brownlee  Reservoir  before  the  Snake  enters  the  subregion. 
However,  phosphate  concentration  remains  significantly  above  the 
minimum  level  for  stimulation  of  algal  growths  (0.03  mg/1  PO4  as 
P) . The  inflows  of  the  Salmon,  Grande  Ronde,  and  Clearwater 
Rivers  act  to  reduce  concentrations,  but  it  appears  that  the 
waters  of  the  Snake  system  above  the  Clearwater  are  naturally 
rich  ir.  phosphates,  as  indicated  by  the  correlation  of  material 
transmission  rates  with  flow.  Nitrate  concentrations  are  not 
excessive  at  all  times,  but  are  usually  above  the  threshold 
value  of  0.30  mg/1,  at  which  excessive  algal  productivity  can 
be  expected. 

Over  the  years,  the  water  pollution  surveillance  station 
at  Wawawai  has  recorded  high  levels  of  plankton  productivity. 

In  addition,  the  presence  of  floating  aquatic  slimes  has  been 
recently  observed  in  the  upper  and  central  areas  of  the  Snake. 
The  unsightly  water  weeds  are  prevalent  from  Oxbow  Dam  to  the 
mouth  of  the  Clearwater,  restricting  both  boating  and  the  sport 
fishery  of  the  Snake  River  above  Lewiston. 
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Tributaries 

The  quality  of  tributaries  in  the  Lower  Snake  Subregion 
varies.  The  mountain  streams--the  Grande  Ronde,  Salmon,  and 
Clearwater  Rivers--tend  to  be  of  high  physical  and  cnemical 
quality  although  some  turbidity  problems  and  nuisance  growths 
have  been  observed.  The  Tucannon  and  Palouse  Rivers,  which  flow 
through  agricultural  lands,  are  usually  warm,  high  in  sediment, 
and  more  mineralized. 

Dissolved  oxygen  levels  tend  to  be  high  in  tributaries, 
and  relatively  few  related  problems  exist.  Flows  in  the  South 
Fork  of  the  Palouse  River  are  seasonally  depleted  to  the  point 
that  waste  discharges  constitute  the  major  portion  of  the  river, 
and  it  is  suspected  that  an  oxygen  deficiency  results. 

As  in  other  subregions  of  the  Snake  River  drainage, 
bacterial  densities  vary  considerably  with  unsuitable  conditions 
occurring  below  a number  of  communities.  The  Palouse  and  Tucannon 
Rivers  have  exhibited  the  highest  coliform  counts.  In  the  Tucannon 
River  near  Delaney  the  average  coliform  count  has  been  about 

51.000  organisms/100  ml,  and  the  maximum  observed  count  has  been 

240.000  organisms/100  ml.  The  Palouse  River  near  Hooper  has  an 
average  coliform  density  of  about  9,100  organisms/100  ml,  with  a 
maximum  of  110,000  organisms/100  ml.  These  levels  are  consider- 
ably above  the  limit  (1,000  organisms/100  ml)  to  render  streams 
unsuitable  for  water-contact  recreation. 

Sediment  results  in  turbid  conditions  at  many  points  in 
the  Lower  Snake  Subregion.  In  spring,  turbidity  is  particularly 
noticeable  in  the  Palouse,  Grande  Ronde,  and  Tucannon  Rivers  and 
Asotin  Creek.  During  periods  of  high  runoff,  sediment  concentra- 
tions reach  objectionable  levels  throughout  the  subregion.  Maxi- 
mum concentrations  of  sediment  observed  in  some  streams  have  been 

309.000  mg/1  in  Deadman  Creek,  193,000  mg/1  in  the  Tucannon  River, 
66,400  mg/1  in  the  Palouse  River,  80,000  mg/1  in  the  South  Fork 

of  the  Palouse  River,  and  433  mg/1  in  the  Clearwater  River.  The 
highest  observed  concentrations  occurred  during  the  flood  of 
December  1964. 


Between  the  point  where  the  Snake  River  enters  the  sub- 
region  and  its  confluence  with  the  Columbia  River,  five  major 
tributaries  affect  mineralization  of  the  river.  The  Salmon  River 
in  central  Idaho  flows  through  sparsely  populated  mountainous 
areas.  Most  of  this  area  is  underlain  by  volcanic  and  intrusive 
rocks  which  are  resistant  to  solvent  action.  Heavy  precipitation, 
high  runoff,  and  the  resistant  rocks  result  in  waters  of  very  low 
dissolved  solids  content.  With  the  exception  of  the  Pahsimeroi 
and  Lemhi  Rivers,  which  drain  areas  containing  limestone  and 
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which  are  more  highly  mineralized  (200  to  300  mg/1  dissolved 
solids),  all  streams  sampled  have  contained  less  than  100  mg/1 
dissolved  solids.  The  mineral  quality  of  the  Grande  Ronde  River 
and  its  major  tributary,  the  Wallowa  River,  is  very  similar  to 
that  of  the  Salmon  River.  The  headwaters  contain  calcium  bicarbon- 
ate waters  of  less  than  75  mg/1  dissolved  solids.  Use  of  the 
water  for  irrigation  in  the  Grande  Ronde  and  Wallowa  Valleys 
causes  some  downstream  increase  in  mineralization,  but  the  chemical 
composition  of  the  water  is  not  changed  appreciably.  The  waters 
are  still  of  the  calcium  bicarbonate  type  with  slightly  larger 
amounts  of  sodium  and  sulfate.  The  average  dissolved  solids  con- 
centration of  both  the  Grande  Ronde  and  Salmon  Rivers  as  they 
enter  the  Snake  River  is  about  100  mg/1.  The  water  of  the  Clear- 
water River  is  even  less  mineralized  than  that  of  the  Salmon  River, 
averaging  about  33  mg/1  dissolved  solids  at  the  mouth.  The  two 
principal  tributaries  between  the  Clearwater  River  and  the  mouth 
are  the  Palouse  and  Tucannon  Rivers.  These  two  tributaries  flow 
through  a part  of  the  relatively  flat  Columbia  Plateau  and  are 
more  highly  mineralized  than  other  tributaries.  The  Palouse  River 
averages  about  170  mg/1  dissolved  solids  at  the  mouth. 

In  some  irrigated  areas  in  the  Grande  Ronde  and  Wallowa 
River  valleys,  drainage  and  alkali  accumulation  problems  occur. 
Large  increases  in  irrigation  use  are  being  prefaced  by  thorough 
studies  to  define  the  extent  and  seriousness  of  these  problems. 


Summary  of  Problems 

A graphical  summary  of  water  quality  problem  areas  in  the 
Lower  Snake  Subregion  is  presented  in  figure  61.  Most  problems 
are  associated  with  the  main  stem  Snake  River,  although  the 
Tucannon,  and  main  stem  and  South  Fork  of  the  Palouse  Rivers 
also  experience  water  quality  degradation. 

Dissolved  oxygen-deficient  water  in  lower  levels  of  Brownlee 
and  Oxbow  Reservoirs,  caused  by  decomposing  algae  and  residual 
waste  loadings,  is  passed  downstream  through  low-level  turbine 
intakes.  Because  Hells  Canyon  Dam  inundates  and  greatly  reduces 
the  reaeration  capabilities  of  some  25  miles  of  fast-flowing 
stream,  conditions  which  existed  below  Oxbow  Dam  are  suspected 
of  having  shifted  to  below  Hells  Canyon  Dam. 

In  recent  years,  floating  aquatic  slimes,  stimulated  by 
high  nutrient  concentrations,  have  appeared  in  the  Snake  River 
between  Oxbow  Dam  and  the  Clearwater  River  during  low-flow  periods. 
These  aquatic  growths  interfere  with  boating,  sport  fishing,  and 
other  recreational  uses  of  the  Snake  River  above  Lewiston.  In 
addition,  untreated  waste  discharges  from  a pulp  and  paper  mill 
and  several  food-processing  plants,  and  waste  waters  from  the 
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Clarkston  and  Lewiston  primary  waste  treatment  facilities  render 
a portion  of  the  Snake  River  below  the  service  area  unsuitable 
for  water-contact  recreation. 

Perhaps  the  greatest  threat  to  salmonid  fish  in  the  Snake 
River  system,  other  than  physical  barriers  which  block  and/or 
retard  fish  migration,  is  high  water  temperatures.  High  tempera- 
tures (70°  to  80°F.)  (21°  to  27°C.)  in  the  Snake  during  the  sum- 
mer and  fall  months  stress  all  salmonid  species,  but  have  a par- 
ticularly adverse  effect  on  upstream  migrants  which  have  already 
been  subjected  to  above  desirable  temperatures  in  the  Columbia 
River. 

The  Tucannon  and  main  stem  and  South  Fork  of  the  Palouse 
Rivers  carry  heavy  sediment  loads,  particularly  during  periods 
of  maximum  runoff  (winter  and  early  spring).  This  results  mainly 
from  lack  of  use  of  adequate  soil  conservation  practices  on  the 
highly  erosive  loess  topsoils  characteristic  of  the  area,  but 
streambank  and  channel  erosion  is  also  important.  In  addition, 
bacterial  densities  in  these  rivers  are  above  limits  recommended 
for  water-contact  recreation. 

Nitrogen  supersaturation  is  a severe  problem  in  the  Snake 
River  throughout  the  subregion  and  has  resulted  in  several  fish 
kills  due  to  gas-bubble  disease.  The  saturation  phenomenon, 
especially  its  persistence  throughout  the  Lower  Snake,  is  not 
well  understood  as  yet;  however,  a special  study  is  underway  to 
determine  its  cause  and  to  recommend  possible  solutions. 
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FUTURE  WATER  QUALITY  MANAGEMENT  NEEDS 

Based  on  the  projected  economic  development  of  the  Lower 
Snake  Subregion,  the  population  is  expected  to  increase  from 
163,340  in  1965  to  274,300  in  2020.  This  represents  an  increase 
of  only  68  percent  for  the  subregion,  compared  with  121  percent 
for  the  region. 

Figure  62  shows  the  projected  population  growth  by  sub- 
basin for  the  years  1980,  2000,  and  2020.  The  projected  subbasin 
and  service  area  populations  are  presented  in  table  87  by 
municipal  and  rural  categories.  By  2020,  over  40  percent  of  the 
subregion  population  will  be  located  in  the  Lewiston  Service  Area, 
and  16  percent  will  be  concentrated  in  the  Pullman  Service  Area. 
The  remaining  population  will  be  scattered  throughout  the  sub- 
region,  with  concentrations  at  communities  such  as  Orofino  and 
Salmon,  Idaho;  LaGrande,  Oregon;  and  Pomeroy,  Washington. 
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Table  87  - Projected  Population,  Subregion  6 1/ 


1980  2000  2020 


I 

(Thousands) 

1 

Salmon  Subbasin 

13.0 

15.0 

16.5 

Municipal 

5.1 

6.2 

7.0 

Rural 

7.9 

8.8 

9.5 

Clearwater  Subbasin 

86.8 

115.6 

147.1 

Lewiston  Service  Area 

54.8 

82.0 

112.6 

Municipal 

46.8 

78.0 

112.6 

j 

1 

Rural 

8.0 

4.0 

- 

Other 

32.0 

33.6 

34.5 

1 

Municipal 

14.8 

16.6 

18.6 

Rural 

17.2 

17.0 

15.9 

Subtotal 

86.8 

115.6 

147.1 

Municipal 

61.6 

94.6 

131.2 

Rural 

25.2 

21.0 

15.9 

Lower  Snake  and  Other  Tributaries 

93.7 

104.0 

110.7 

1 

Pullman  Service  Area 

30.5 

38.0 

43.4 

. 

Municipal 

29.8 

38.0 

43.4 

I 

Rural 

0.7 

- 

- 

Other 

63.2 

66.0 

67.3 

Municipal 

26.7 

30.0 

32.6 

Rural 

36.5 

36.0 

34.7 

Subtotal 

93.7 

104.0 

110  .7 

Municipal 

56.5 

68.0 

76.0 

Rural 

37.2 

36.0 

34.7 

J 

* 

Total  Subregion 

193.5 

234.6 

274.3 

Municipal 

123.2 

168.8 

214.2 

r - \ 

Rural 

70.3 

65.8 

60.1 

1/  Derived  from  Economic  Base  and  Projections,  Appendix  VI, 
Columbia-North  Pacific  Framework  Study,  January  1971,  and 
from  North  Pacific  Division  Corps  of  Engineers  data. 
Differences  between  totals  in  this  table  and  source  are  due  to 
differences  in  subregion  boundaries.  The  source  is  based  on 
economic  boundaries  and  this  table  is  based  on  hydrologic 
boundaries.  The  municipal  population  is  defined  as  that 
population  discharging  wastes  to  a municipal  sewerage  system. 
The  rural  population  is  defined  as  the  residual. 
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Future  industrial  growth  will  continue  to  be  based  on  the 
subregion's  forest  and  agricultural  resources.  Pulp  and  paper 
processing  will  continue  to  dominate  in  the  production  of  organic 
wastes,  food  processing  will  experience  somewhat  greater  growth, 
and  the  organic  wastes  produced  at  lumber  and  wood  products 
industries  will  remain  at  about  present  levels. 


Future  Waste  Production 

Municipal 

The  projected  municipal  raw  waste  production  for  the  Lower 
Snake  Subregion  is  presented  in  table  88.  The  portion  of  the 
subregion's  population  served  by  municipal  waste  collection  and 
treatment  systems  is  expected  to  increase  from  56  percent  in  1965 
to  78  percent  by  the  year  2020.  It  has  been  assumed  that  the 
entire  population  of  the  two  major  service  areas  will  be  served 
by  municipal  systems  at  that  time. 


Table  88  - Projected  Municipal  Raw  Organic  Waste  Production  1 / 

Subregion  6 


1970 

1980 

2000 

2020 

(1,000’ 

's  P.E.) 

Salmon  Subbasin 

4.5 

6.4 

7.8 

8.8 

Clearwater  Subbasin 

58.1 

77.0 

118.2 

164.0 

Lewiston  Service  Area 

50.2 

58.5 

97.5 

140.8 

Other 

7.9 

18.5 

20.7 

23.2 

Lower  Snake  and  Other  Tributaries 

64.5 

70.6 

85.0 

95.0 

Pullman  Service  Area 

33.3 

37.2 

47.5 

54.2 

Other 

31.2 

33.4 

37.5 

40.8 

Total  Subregion 

127.1 

154.0 

211.0 

267.8 

1/  A factor  of  1.25  was  applied  to  the  municipal  population 
components  to  account  for  the  effects  of  small  commercial 
establishments  and  other  urban  activities  which  add  to  munici- 
pal waste  loads. 

The  two  major  service  areas  are  expected  to  produce  73  per- 
cent of  the  subregion's  municipal  waste  loading  in  2020,  as  com- 
pared with  56  percent  in  1965.  The  Lewiston  Service  Area  will 
account  for  over  one-half  of  the  total  subregion  municipal  waste 
production  by  2020. 
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Industrial 


Projected  raw  organic  waste  loadings  for  the  major  indus- 
: trial  categories  are  presented  in  table  89  for  the  years  1980, 

2000,  and  2020.  By  the  end  of  the  projection  period,  it  is  expec- 
ted that  industries  will  contribute  three-fourths  of  the  subregion's 
total  organic  waste  loading.  The  pulp  and  paper  industry  will 
continue  to  be  the  largest  organic  waste  source,  contributing 
approximately  81  percent  of  the  industrial  waste  production.  The 
food-processing  industry  will  remain  a major  source  of  organic 
wastes,  contributing  almost  all  of  the  industrial  wastes  produced 
by  other  than  pulp  and  paper  production. 

' 

| 

It  is  assumed  that  future  growth  will  occur  at  existing 
operations  for  most  industries.  Based  on  that  assumption,  all  of 
the  pulp  and  paper  and  food-processing  waste  increases  will  occur 
in  the  Lewiston  Service  Area.  Growth  in  the  wood  and  lumber 
products  industry  will  take  place  in  the  Lower  Snake  and  Other 
Tributaries  Subbasin. 

Table  89  - Projected  Industrial  Raw  Organic  Waste  Production  \J 


• 

Subregion 

6 

1 

1970 

1980 

(1  ,000's 

2000 

P.E.) 

2020 

Pulp  and  Paper 

462.3 

523.0 

596.0 

675.0 

Food  Products 

70.9 

102.0 

141.0 

155.0 

Lumber  5 Wood  Products 

1.1 

1.2 

1.3 

1.2 

TOTAL 

534.3 

626.2 

738.3 

831.2 

J J Base  data  from  FWPCA  inventory  of  municipal  and  industrial 
wastes.  Lower  Snake  Subregion,  1965. 


Rural-Domestic 

The  projected  rural-domestic  waste  production  is  summarized 
in  table  90  for  the  years  1980,  2000,  and  2020.  Th^  rural-domestic 
waste  production  was  assumed  to  be  equal  to  the  rural  population 
component  shown  in  table  87.  For  most  areas  in  the  subregion, 
the  rural  waste  production  is  expected  to  remain  relatively  con- 
stant or  to  decrease  slightly.  However,  the  Salmon  Subbasin  shows 
some  increase  in  rural  waste  production. 
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Table  90  - Projected  Rural-Domestic  Raw  Organic  Waste  Production, 

Subregion  6 


1970 

1980 

(1,000's 

2000  2020 
P.E.)  1/ 

Salmon  Subbasin 

7.9 

7.9 

8.8 

9.5 

Clearwater  Subbasin 

27.1 

25.2 

21.0 

15.9 

Lower  Snake  and  Other  Tributaries 

36.4 

37.2 

36.0 

34.7 

Total  Subregion 

71.4 

70.3 

65.8 

60.1 

1/  Interpolated  from  1965  data  and  1980  projections, 


Septic  tanks  and  some  type  of  subsurface  drainage  systems 
are  the  most  likely  method  to  be  used  to  dispose  of  wastes  from 
individual  residences  in  the  future.  No  widespread  problems  are 
anticipated  from  this  source  in  the  future,  although  corrective 
measures  may  be  necessary  in  areas  bordering  lakes  and  streams, 
or  where  the  water  table  is  high. 


Irrigation 

Approximately  276,000  acres  of  land  are  presently  being 
irrigated  in  the  subregion.  By  2020,  an  additional  494,000  acres 
of  irrigated  land,  and  supplemental  water  supplies  for  127,000 
acres  now  under  irrigation  will  be  required  to  meet  projected  food 
and  fiber  needs.  About  1,095,000  acre-feet  are  diverted  annually 
from  surface  waters  to  serve  the  presently  irrigated  land.  By 
2020,  an  estimated  farm  delivery  requirement  of  2,270,000  acre- 
feet  will  be  needed  to  meet  the  present  irrigation  needs,  sup- 
plemental water  needs,  and  future  new  irrigation  needs. 

Irrigation-related  water  quality  problems  are  minor  in 
most  of  the  subregion  at  present.  Depleted  flows  and  waters 
degraded  by  irrigation  waste  waters  result  from  irrigation  opera- 
tions in  the  Tucannon,  Grande  Ronde,  and  upper  Salmon  Rivers  at 
present.  Potential  irrigation  development  may  tend  to  worsen 
conditions  in  these  critical  areas,  and  could  cause  problems  in 
waters  not  presently  affected  by  irrigation  operations. 


Other  Land  Uses 

Projections  of  land  use  in  the  subregion,  by  major  types  of 
use,  are  shown  in  table  91.  The  projections  show  a decrease  in 
land  area  for  forest  of  approximately  1.5  percent  by  the  year 
2020.  In  contrast,  the  wood  consumption  demand  by  the  forest 
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products  industry  is  expected  to  increase  21  percent  during  the 
same  period.  The  potential  for  erosion  and  stream  damage  will  be 
greater  as  more  intensive  harvesting  methods  are  employed  by 
forest  users.  Increased  sediment  loads  for  adjacent  streams  may 
result . 


Table  91  - Projected  Land  Use,  Subregion  6 \J  (5)  (8) 


1966 

1980" 

(thousand 

2000 

acres) 

2020 

Land  Use 

Cropland 

3,078 

3,058 

3,046 

3,035 

Irrigated 

(268) 

(432) 

(531) 

(743) 

Nonirrigated 

(2,810) 

(2,626) 

(2,515) 

(2,292) 

Forest 

13,537 

13,492 

13,436 

13,380 

Range  1/ 

5,042 

5,040 

5,038 

5,036 

Other  2/ 

714 

763 

823 

882 

Total 

22,371 

22,353 

22,343 

22,333 

T7  Does  not  include  forest  range. 

2/  Includes  barren  land,  roads,  railroads,  small  water  areas, 


urban  and  industrial  areas,  farmsteads,  airports,  etc. 

Improved  land  use  and  management  practices  are  badly 
needed  in  many  areas  of  the  subregion  to  reduce  soil  erosion. 

One  of  the  highest  sediment  yields  in  the  entire  Pacific  North- 
west has  been  recorded  for  the  Palouse  drainage.  Other  problem 
areas  are  the  Grande  Ronde  Valley  and  lower  Tucannon  River  Valley. 

Use  of  fertilizers  on  new  agricultural  lands  will  likely 
add  to  nutrient  levels  occurring  in  the  subregion's  surface  waters 
and  aggravate  eutrophication  problems  that  are  already  quite 
severe  in  some  areas.  Pesticides  and  herbicides  applied  to  these 
lands  also  drain  into  the  water  bodies  and  build  up  to  toxic  con- 
centrations in  higher  levels  of  aquatic  life  residing  in  the  water. 
However,  by  restricting  the  use  of  pesticides  and  instituting 
better  management  practices  in  the  use  of  fertilizers,  pesticides, 
and  herbicides  on  all  lands,  water  quality  degradation  from  these 
sources  could  be  minimized. 


Agricultural  Animals 

The  raw  organic  waste  production  by  the  livestock  popula- 
tion in  the  subregion  is  expected  to  be  equivalent  to  that  from 
a population  of  4,200,000  in  1980;  5,600,000  in  2000;  and 
7,400,000  in  2020.  This  would  account  for  approximately  86  per- 
cent of  the  total  raw  organic  waste  production  for  the  subregion 
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by  the  end  of  the  projection  period.  It  is  estimated  that  about 
five  percent  of  these  wastes  generated  by  a normally  distributed 
animal  population  eventually  reach  the  waterways.  This  is  not 
the  case,  however,  where  large  numbers  of  animals  are  concentrated 
in  small  spaces  as  they  are  in  feedlots  and  dairies.  The  potential 
for  pollution  from  these  sources  is  high,  particularly  at  those 


operations  which  are  located  along  streambanks.  Economical  methods 
of  control  and  disposal  of  feedlot  wastes  need  to  be  developed  and 
applied  to  all  operations  bordering  surface  waters.  It  may  be 
necessary  to  treat  wastes  produced  at  other  locations  where  the 
potential  for  ground-water  pollution  is  high. 

Concentrations  of  animals  now  situtated  on  the  Snake  River 
above  Lewiston  and  in  the  Grande  Ronde  Valley  are  expected  to 
increase  in  the  future,  with  accompanying  waste  control  problems. 

Recreation 

As  the  demand  for  water-based  recreation  continues  to 
outpace  population  growth,  the  wastes  resulting  from  these 
activities  are  expected  to  continue  increasing  at  a rapid  rate. 
Construction  and  expansion  of  adequate  waste  disposal  facilities 
at  recreation  areas  must  keep  pace  with  the  increased  recreational 
use  to  prevent  water  pollution  from  this  source.  The  following 
summary  of  projected  raw  waste  production  by  recreation  activity 
gives  an  indication  of  the  amount  of  future  construction  that 
will  be  required: 

Year  Population  Equivalents  _!_/ 


1970 

43,500 

1980 

59,000 

2000 

108,500 

2020 

200,500 

1/  Bureau  of  Outdoor  Recreation  and  U.S.D.A.  Forest  Service 
Projections  for  total  man  recreation  days  (TMRD1 . 

The  series  of  reservoirs  on  the  Snake  River,  and  streams 
in  the  Salmon  and  Clearwater  drainages  will  receive  heavy  recrea- 
tional use  by  the  end  of  the  projection  period.  Lower  Granite 
and  Ice  Harbor  Reservoirs  are  expected  to  receive  particularly 
heavy  use.  J 1 
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Other  Factors  Influencing  Quality 


The  growths  of  unsightly  algae  that  occur  annually  in 
basin  streams  are  a serious  water  quality  problem  that  detract 
from  most  water  uses,  particularly  fishing  and  recreational  pur- 
suits. These  growths  have  been  quite  troublesome  on  Snake  River 
in  the  past.  Algal  growths  flourish  in  impounded  waters  where 
water  temperatures  are  maximum  and  water  circulation  is  minimum. 
Completion  of  the  series  of  pools  under  construction  on  the  Snake 
River  below  Lewiston  is  expected  to  add  to  the  algal  growth 
problem. 

The  location  and  operation  of  hydropower  installations  will 
have  more  impact  on  future  water  quality  conditions  in  the  Lower 
Snake  Subregion  than  will  the  management  of  all  other  sources  of 
water  quality  degradation.  Construction  of  High  Mountain  Sheep, 
Asotin,  and  Lenore  Dams  could  seriously  degrade  quality  of  the 
Lower  Snake,  which  would  reduce  or  eliminate  the  Snake  River's 
anadromous  fish  runs. 

Dworshak  Dam  will  have  a selective  withdrawal  structure 
designed  to  help  maintain  adequate  water  quality  downstream.  Use 
of  the  selective  withdrawal  system  will  make  it  possible  to  im- 
prove water  temperature  conditions  during  the  late  summer  and 
fall.  Catherine  Creek  and  Grande  Ronde  projects  are  being  studied 
to  determine  if  by  the  use  of  selective  withdrawal  they  can  enhance 
the  downstream  water  quality  conditions.  At  present  it  looks  as 
if  these  projects  can  be  regulated  to  benefit  the  downstream 
water  quality. 


Quality  Goals 


Quality  goals  are  based  on  State  water  quality  standards 
criteria  established  for  the  subregion  waters.  Water  quality 
standards  for  Idaho,  Oregon,  and  Washington  apply  to  portions  of 
the  subregion.  The  standards  of  all  three  States  contain  two 
provisions  that  are  critical  to  the  maintenance  of  high  quality 
water;  one,  the  antidegradation  provision  which  ensures  that 
waters  whose  existing  quality  is  better  than  the  established 
standards  will  be  maintained  at  that  high  quality  and;  two,  the 
provision  that  the  highest  and  best  practicable  treatment  under 
existing  technology  will  be  applied  to  all  waste  discharges. 

Water  quality  standards  are  discussed  by  states  in  the  Regional 
Summary . 

The  uses  and  criteria  presented  in  this  Regional  Summary 
apply  generally  to  the  waters  of  the  subregion,  but  water  quality 
standards  documents  should  be  consulted  for  information  on 
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specific  waters.  A complete  set  of  each  State’s  water  quality 
standards  is  available  upon  request  from  the  following  State 
agencies:  Idaho  Department  of  Health;  Oregon  State  Department 

of  Environmental  Quality;  and  Washington  Water  Pollution  Control 
Commission. 


MEANS  TO  SATISFY  DEMANDS 

Controlling  pollution  in  the  Lower  Snake  Subregion  to 
maintain  high  water  quality  to  adequately  serve  the  river  system's 
functions  will  require  a coordinated  program  of  waste  reduction, 
flow  regulation,  application  of  waste-controlling  techniques,  and 
development  of  a system  of  cooperative  management  of  the  water- 
shed for  pollution  control.  Management  of  hydropower  installa- 
tions will  be  of  major  importance. 


Waste  Treatment 

Future  Waste  Discharges 

Based  on  the  treatment  levels  and  raw  waste  projections 
presented  earlier,  the  projected  municipal  waste  loadings  to  be 
discharged  to  waters  of  each  subbasin  are  shown  in  table  92.  The 
industrial  waste  loadings  for  major  industrial  categories  are 
presented  in  table  93.  The  total  municipal  and  industrial 
organic  waste  loading  is  expected  to  be  130,100  PE  in  1980; 
107,000  PE  in  2000;  and  125,400  PE  in  2020. 


Table  92  - Projected  Municipal  Organic  Waste  Discharges,  Subregion  6 


1980 

2000 

2020 

(l.OOOTT.l 

Salmon  Subbasin 

0.9 

0.8 

0.9 

Clearwater  Subbasin 

11.6 

11.8 

16.4 

Lewiston  Service  Area 

8.8 

9.7 

14.1 

Other 

2.8 

2.1 

2.3 

Lower  Snake  and  Other  Tributaries 

10.6 

8.5 

9 .5 

Pullman  Service  Area 

5.6 

4.8 

5.4 

Other 

5.0 

3.7 

4.1 

TOTAL 

23.1 

21.1 

26  . S 

290 


Table  93  - Projected  Industrial  Organic  Waste  Discharges, 

Subregion  6 


1980 

2000 

(1,000's  P.E.) 

2020 

Pulp  and  Paper 

78.4 

59.6 

67.5 

Food  Products 

15.3 

14.1 

15.5 

Lumber  and  Wood  Products 

0.2 

0.1 

0.1 

TOTAL 

93.9 

73.8 

83.1 

By  2020,  73  percent  of  the  municipal  waste  load  is  expected 
to  originate  in  the  Lewiston  and  Pullman  Service  Areas.  The 
remaining  municipal  waste  load  will  be  scattered  among  the  numerous 
small  communities  in  the  subregion.  LaGrande,  Oregon,  which  had 
a 1960  population  of  12,000,  is  the  largest  town  outside  the  two 
major  service  areas. 

The  largest  organic  loads,  representing  61  percent  of  the 
total  municipal  and  industrial  loads  produced  by  2020,  will  stem 
from  pulp  and  paper  processing  activities.  The  pulp  and  paper 
production  load  is  generated  at  the  Potlatch  Forests  plant  located 
in  the  Lewiston  Service  Area.  All  the  growth  in  this  industry 
and  most  of  the  growth  in  food-processing  operations  are  expected 
to  take  place  in  the  Lewiston  Service  Area. 


Treatment  Costs 


The  water  quality  standards  implementation  plans  call  for 
installation  of  secondary  treatment  facilities  for  all  municipal 
and  industrial  waste  discharges  in  the  near  future.  Deadlines 
for  completion  of  these  facilities  vary  with  individual  cases, 
but  the  last  facility  should  be  completed  by  1973.  The  costs 
associated  with  construction  and  operation  of  municipal  treatment 
plants  for  various  levels  of  treatment  are  presented  in  figures 
4 and  5 in  the  Regional  Summary. 


Other  Pollution  Control  Practices 


Improved  land  management  practices  are  badly  needed  in  the 
Palouse  Basin  to  reduce  the  enormous  amount  of  sediment  trans- 
ported from  the  drainage.  The  recommended  control  measures 
relative  to  fertilizer  and  pesticide  control  are  also  of  particu- 
lar concern  in  this  basin. 
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Algae  control  methods  must  be  developed  to  alleviate  condi- 
tions that  now  exist  throughout  the  lower  Snake  River.  The 
unsightly  algal  growths  seriously  detract  from  many  uses  of 
lower  Snake  waters  and  will  become  more  troublesome  with  comple- 
tion of  the  reservoirs  below  Lewiston.  Research  and  study  into 
methods  of  algae  control  are  perhaps  the  greatest  water  quality 
control  need  in  Subregion  6. 

Department  of  the  Interior  studies  conducted  in  1968  con- 
cluded that  the  temperature  of  lower  Snake  River  waters  could  be 
controlled  with  a properly  managed  high  dam  at  the  Appaloosa  site. 
However,  other  factors  such  as  low  dissolved  oxygen  levels  and 
high  dissolved  nitrogen  levels  below  the  dam  detract  from  the 
attractiveness  of  this  undertaking  unless  specific  control  measures 
are  applied.  Additional  detailed  water  quality  studies  should 
precede  authorization  and  licensing  of  any  dam  in  the  middle  Snake 
reach . 

Multiple-level  outlets  are  installed  in  Dworshak  Dam  which 
permit  flexibility  in  water  temperatures  below  the  dam.  Proper 
use  of  the  outlets  can  have  a favorable  effect  on  the  water 
quality  of  the  lower  Clearwater  River  and,  possibly,  the  lower 
Snake  River. 


Minimum  Flow  Requirements 


Since  waste  treatment  cannot  be  applied  to  noncollectable 
wastes  and  does  not  economically  remove  all  contaminants  from 
collectable  wastes,  a certain  amount  of  streamflow  is  necessary 
for  dilution  and  assimilation  of  residual  wastes  reaching  the 
streams.  Generalized  curves  showing  minimum  flow  requirements 
for  raw  waste  loadings  subjected  to  various  treatment  levels  are 
presented  in  figures  63  through  65.  These  figures  give  approxi- 
mate requirements  based  on  dissolved  oxygen  standards  criteria 
only  for  small  to  middle-sized  communities  located  on  tributary 
streams.  Figures  63  and  64  are  based  on  minimum  dissolved  oxygen 
concentrations  allowable  at  seasonal  low.  In  those  locations 
where  existing  quality  is  above  the  minimum  established  in  the 
water  quality  standards  documents,  the  antidegradation  provision 
applies.  Figure  65  presents  estimated  minimum  flow  needs  for 
various  treatment  levels  at  locations  where  this  provision  applies. 
The  curves  may  also  be  used  to  indicate  ranges  of  flows  needed  to 
assimilate  industrial  or  agricultural  wastes,  although  they  were 
developed  primarily  for  application  to  municipal  waste  discharges. 
The  areas  to  which  individual  curves  apply  are  delineated  in 
figure  66. 
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POPULATION  EQUIVALENTx  1,000  I POPULATION  EQUIVALENT x|, 000 


10  15  * 20 

REQUIRED  FLOWS (cfs) 


..  IDAHO 
Elev  * 5000  ft 
T * 18°  C 

DO  Allow  = 6.0mg/l 
f =3 


LEVELS 


85% 


IDAHO  AND  OREGON 
S Elev  = 3000ft 
T = 20°C 

DO. Allow  = 6.1  mg  I 
f = 3 


FIGURE  63.  Minimum  Flow  Needs  to  Maintain  Idaho  and  Oregon 

Dissolved  Oxyqen  Standards  Criteria  (Elevations  5000 
and  3000  feet) 
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IDAHO  AND  OREGON 
Elev  = lOOOf  t 
T = 23°C 

DO  Allow  = 6.3mg/l 
f = 3 


TREATMENT  LEVELS 
^195% 

1=190% 

=185%  r 


10  15  20 

REQUIRED  FLOWS (cfs) 


TREATMENT  LEVELS 
=95% 

=190% 

= 85% 


WASHINGTON 
Elev  = lOOOf  t 
. T -20°C 
DO.  Allow  = 8mg/l 
f=3 


20  30  40 

REQUIRED  FLOWS  (cfs) 


r ” i 


FIGURE  65.  Minimum  Flow  Needs  to  Maintain  Dissolved  Oxygen  Near 
Saturation  Values 


All  curves  are  necessarily  based  on  very  broad  assumptions 
and  are  intended  to  give  an  indication  of  the  magnitude  of  flows  i 

versus  treatment  needed  to  maintain  dissolved  oxygen  standards 
. only.  Other  standards  criteria  will  control  in  many  cases  and  1 

* could  very  likely  require  that  flows  two  or  three  times  greater 

than  those  shown  in  the  figures  be  provided.  For  example,  in 

some  areas  it  has  been  necessary  to  maintain  a 20/1  streamflow/  j 

effluent  dilution  ratio  to  prevent  slimes  and  other  aesthetically 
i displeasing  conditions  occurring  below  secondary  treated  sewage 

discharges.  Based  on  per  capita  waste  flows  expected  in  2020,  a 
streamflow  of  54  cfs  would  be  needed  to  provide  this  dilution  to 
|>  secondary  effluent  from  a community  of  10,000  persons.  In  con- 

trast, a flow  of  only  25  cfs  would  be  required  to  meet  a dis- 
solved oxygen  standard  which  allows  a deficit  of  1.0  mg/1.  j 

In  addition  to  the  general  curves  discussed  above  that 
apply  primarily  to  discharges  f^om  small  municipalities  to  tribu- 
tary streams,  specific  flow  requirements  to  meet  dissolved  oxygen  ^ i 

standards  criteria  have  been  computed  for  stream  reaches  in  "-w-J 

portions  of  the  Palouse  and  Grande  Ronde  drainages. 
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Palouse  Basin 


Figures  67,  68,  and  69  show  estimated  minimum  flow  needs  to 
meet  dissolved  oxygen  standards  in  the  Palouse  Basin.  These  flows 
were  developed  during  a preliminary  study  of  Palouse  Basin  water 
quality  control  needs  conducted  in  December  1967.  The  flow  re- 
quirements are  based  on  treatment  to  remove  85  percent  of  the 
biochemical  oxygen  demand  from  collectable  wastes  before  dis- 
charge, and  on  maintaining  minimum  dissolved  oxygen  concentrations 
of  6.5  mg/1  in  receiving  waters. 


YEAR 

FIGURE  67.  Minimum  Flow  Needs  for  Water  Quality  Control, 
Paradise  Creek  at  Moscow 

Note:  Average  annual  flow  is  53  percent  of  maximum  month 

flow. 


Grande  Ronde  Basin  Figure  70  shows  minimum  flow  needs  in 
Catherine  Creek  to  meet  dissolved  oxygen  standards  criteria  in 
the  old  Grande  Ronde  channel  below  the  mouth  of  Catherine  Creek. 
The  flow  needs  are  based  on  assimilation  of  projected  2020  munici- 
pal waste  discharges  from  the  cities  of  Union  and  LaGrande. 

Since  the  flow  needs  are  based  primarily  on  waste  discharges  from 
the  LaGrande  lagoon,  an  alternative  means  of  disposal  of  the 
lagoon  effluent  by  piping  to  the  Grande  Ronde  River  was  con- 
sidered. Minimum  flows  required  to  assimilate  these  wastes  and 
the  industrial  wastes  discharged  at  Island  City  under  2020  condi- 
tions are  shown  in  figure  71.  The  minimum  flow  needs  were 
determined  during  recent  water  quality  studies  of  the  basin,  (19) 
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which  were  undertaken  in  connection  with  water  resource  investi- 
gations of  the  area.  A major  conclusion  of  the  studies  was  that 
additional  irrigation  of  the  Grande  Ronde  Valley  could  cause 
dissolved  oxygen  depletions  and  excess  dissolved  solids  concentra- 
tions in  Grande  Ronde  River  below  Elgin.  Dilution  water  in  addi- 
tion to  that  shown  in  the  figures  would  be  required  to  alleviate 
these  conditions. 


Management  Practices 

The  management  of  the  water  resources  of  the  Lower  Snake 
Subregion  is  an  important  factor  in  preserving  water  quality  of 
the  streams  and  rivers.  Detailed  planning  and  adequate  financing 
are  required  so  as  to  prevent  potential  water  pollution  which 
would  otherwise  result  from  increasing  waste  loading.  Water 
quality  must  be  considered  in  the  planning  and  operation  of  all 
new  reservoirs  and  in  changes  made  in  present  operating  procedure. 
Dependable  flows  must  be  guaranteed. 
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SUBREGION  7 
MID  COLUMBIA 


INTRODUCTION 

The  Mid  Columbia  Subregion  includes  the  area  drained  by 
streams  flowing  into  the  Columbia  between  the  Snake  on  the  east 
and  Bonneville  Dam  on  the  west.  The  area  contains  29,606  square 
miles  in  the  states  of  Oregon  and  Washington.  The  subregion  is 
surrounded  by  mountains;  the  Cascades  on  the  west,  the  Ochocos  on 
the  south,  the  Blue  Mountains  on  the  east,  and  the  Horse  Heaven 
Hills  on  the  north.  Elevations  range  from  over  10,000  feet  in  the 
Cascade  Range  to  near  sea  level  at  Bonneville  Dam.  There  are  no 
extensive  areas  of  flat  land,  although  there  are  many  broad  valleys 
and  rolling  hills. 

The  climatic  pattern  is  one  of  cool-to-cold  winters  and  hot 
summers,  with  the  major  precipitation  period  from  November  to 
April.  Yearly  and  diurnal  temperature  extremes  are  common,  both 
during  the  summer  and  winter  months.  Extreme  temperatures  range 
from  -33°F.  to  115°F.  (-36°C.  to  46°C.).  Annual  average  precipi- 
tation generally  ranges  between  10  and  20  inches,  although  at 
some  locations  along  the  Cascades  on  the  west,  the  annual  pre- 
cipitation is  over  130  inches.  Also,  in  the  Blue  Mountains, 
average  annual  precipitation  is  about  40  inches. 

Agriculture  and  food  processing  are  important  economic 
activities.  The  subregion  contains  some  of  the  most  important 
orchard  areas  in  Oregon.  The  pulp  and  paper,  aluminum,  textile, 
and  lumber  industries  are  also  of  particular  economic  importance. 

The  population  of  the  Mid  Columbia  Subregion  in  1965  was 
about  210,300  persons,  of  whom  about  39  percent  live  in  the  four 
major  service  areas.  Smaller  communities  are  numerous  throughout 
much  of  the  subregion.  However,  areas  of  low  population  pre- 
dominate in  the  southern  section. 

The  Mid  Columbia  Subregion  is  divided  into  the  Walla  Walla, 
Umatilla,  John  Day,  Deschutes,  Hood,  and  Klickitat  Subbasins.  The 
major  service  areas  are  the  Walla  Walla,  Pendleton,  Bend,  and 
The  Dalles  areas. 


PRESENT  STATUS 

Municipalities  and  industries  are  the  most  important  pollu- 
tion sources  in  the  Mid  Columbia  Subregion,  contributing  suspended 
and  settleable  organic  materials  to  waterways.  A graphical  summary 
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of  municipal  and  industrial  organic  waste  production  and  dis- 
charge for  each  major  subbasin  is  presented  in  figure  72.  The 
pulp-and-paper  and  food-processing  industries  are  the  largest  waste 
sources.  The  rural-domestic  population,  agricultural  animals,  and 
land  use  are  also  important  pollution  sources.  However,  the  mag- 
nitude and  impact  of  wastes  from  these  sources  are  not  readily 
identifiable. 

Generally,  water  quality  in  the  subregion  is  excellent. 
Problems  are  confined  to  local  bacterial  contamination  of  streams 
below  municipalities,  high  temperatures  in  the  Columbia  and 
several  tributaries,  and  low  tributary  streamflows  during  the  dry 
seasons . 


Stream  Characteristics 


Other  than  the  Columbia  River,  the  two  principal  rivers  of 
the  Mid-Columbia  Subregion  are  the  Deschutes  and  the  John  Day. 

The  Deschutes  River  has  a fairly  constant  discharge  because  of  the 
Metolius  River,  a tributary  which  originates  in  the  Cascades  as 
a giant  spring,  and  because  of  large  springs  on  the  Lower  Crooked 
River.  On  the  other  hand,  the  Crooked  River  drainage  area  con- 
tains a large  desert  that  contributes  intermittently.  The  John 
Day  River  is  largely  fed  by  snowmelt  from  the  Ochoco  and  Blue 
Mountains.  Other  major  streams  are  the  Walla  Walla  River  in 
Washington  and  Oregon,  the  Umatilla  River  in  Oregon,  and  the 
Klickitat  and  White  Salmon  Rivers  in  Washington.  The  Oregon 
streams  are  fed  by  snowmelt  from  the  Blue  Mountains,  and  the 
Washington  streams  drain  into  the  Columbia  from  the  Cascades. 

Average  annual  runoff  from  the  subregion  amounts  to  about 
16,200  cfs  (11.7  million  acre-feet).  The  mean  annual  discharge 
from  the  Columbia  River  at  Bonneville  Dam  is  177,400  cfs  (128.4 
million  acre-feet). 


Surface-Water  Hydrology 

The  discharge  pattern  for  the  subregion  is  characterized 
by  peak  discharges  between  January  and  May  (a  direct  result  of 
precipitation  and  snowmelt)  and  minimum  flows  during  the  fall. 
Table  94  presents  monthly  discharge  data  for  selected  stations 
in  the  subregion. 

From  the  standpoint  of  waste  discharge  control,  the  low- 
flow  months  from  July  to  October  are  the  most  important.  In  most 
of  the  subregion,  August  is  the  critical  month.  One-in-ten-year 
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table  94  Average  Monthly  Discharge,  Subregi 
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175,005  211,050  198,025  207,605  252, S23  245.300  175,730  130,260  122,355  124,560  131,642  154,6"’5 


low  flow  is  the  selected  recurrence  frequency  designated  to 
describe  critical  low  flows.  These  data  are  summarized  for 
selected  stations  in  table  95. 


Table  95  - One-in-Ten-Year  Low  Flows,  Subregion  7 (12) 


Stream  and  Location 


One-in-Ten-Year 
Low  Flow 
(cfs)  1/ 


Walla  Walla  River  near  Milton,  Oregon  70 
Walla  Walla  River  near  Touchet,  Washington  < 10 
Umatilla  River  at  Pendleton,  Oregon  18 
Willow  Creek  at  Heppner,  Oregon  < 1 
John  Day  River  at  Picture  Gorge  near  Dayville,  Oregon  <10 
North  Fork  John  Day  River  at  Monument,  Oregon  45 
John  Day  River  at  Service  Creek,  Oregon  <10 
John  Day  River  at  McDonald's  Ferry,  Oregon  <50 
Deschutes  River  below  Lava  Island  near  Bend,  Oregon  590 
Deschutes  River  below  Bend,  Oregon  30 
Crooked  River  near  Culver,  Oregon  1,100 
Deschutes  River  at  Moody  near  Biggs,  Oregon  3,500 
Columbia  River  at  The  Dalles,  Oregon  106,000 
Klickitat  River  near  Pitt,  Washington  520 
Hood  River  at  Hood  River,  Oregon  250 
White  Salmon  River  near  Underwood,  Washington  420 
Columbia  River  at  Bonneville  Dam  102,000 

1/  Period  of  1 month. 


Impoundments  and  Stream  Regulation 

Impoundments  on  the  Columbia  River  provide  run-of-the-river 
power  at  Bonneville,  The  Dalles,  and  McNary  Dams;  and  both  power 
and  flood  control  at  John  Day  Dam.  The  Deschutes  River  Basin  has 
two  power  dams--Pelton  and  Round  Butte--and  many  irrigation  reser- 
voirs, including  Crane  Prairie  and  Wickup  Reservoirs  on  the 
Deschutes  River;  Prineville  Reservoir  on  Crooked  River,  and  Ochoco 
Reservoir  on  Ochoco  Creek.  There  is  one  dam  in  the  Walla  Walla 
River  Basin,  which  is  located  on  Mill  Creek  and  is  operated 
principally  for  flood  control.  The  only  reservoirs  in  the  Umatilla 
Basin  are  McKay  and  Cold  Springs. 

The  effect  of  impoundments  on  water  quality  in  the  Mid- 
Columbia  Subregion  is  not  considered  to  be  a major  problem.  However, 
diversions  for  irrigation  often  have  profound  effects  on  the  quality 
of  streams.  Lower  streamflows  result  in  reduced  waste  assimilative 
capacities  and  increased  water  temperatures,  particularly  in  streams 
with  wide,  flat  beds. 





No  storage  is  authorized  for  water  quality  control, 
although  incidental  benefits  result  from  releases  for  other 
purposes.  For  instance,  operation  of  McKay  Dam  and  Reservoir 
has  a beneficial  influence  on  water  quality  in  McKay  Creek  and 
Umatilla  River  below  Pendleton  by  augmenting  low  summer  flows 
and  reducing  the  stream  temperature. 


Ground-Water  Characteristics 


Alluvial  deposits  and  the  Columbia  River  basalt  are  capable 
of  yielding  moderately  large  to  large  supplies  of  ground  water  in 
Subregion  7.  The  largest  portion  of  the  subregion's  population 
depends  on  ground-water  supplies,  particularly  in  the  Umatilla, 
John  Day,  Deschutes,  and  Hood  Subbasins. 

The  water  is  generally  of  excellent  quality.  Total  dis- 
solved solids  rarely  exceed  500  mg/1.  The  water  is  usually 
moderately  hard  to  very  hard,  and  silica  frequently  is  about  40 
to  60  mg/1.  Troublesome  trace  elements  or  constituents  are 
present  in  several  domestic  supplies.  Bacterial  contamination 
is  also  a threat  to  many  wells  in  the  Mi lton-Freewater  and  Bend 
areas . 


A more  detailed  discussion  of  ground  water  in  Subregion  7 
is  presented  in  Appendix  V,  Water  Resources. 


Pollution  Sources 


The  municipal  and  industrial  waste  production  and  dis- 
charges (in  population  equivalents),  and  the  treatment  facilities 
for  the  Mid-Columbia  Subregion  arc  summarized  by  subbasin  in 
table  96. 

At  present,  municipalities  and  industries  in  the  subregion 
produce  organic  wastes  equivalent  to  those  from  a population  of 
1.41  million  persons.  Of  this  total,  58  percent  is  generated  by 
the  food-processing  industry,  21  percent  by  the  lumber  and  wood 
products  industry,  and  10  percent  by  the  pulp  and  paper  industry. 
The  remaining  11  percent  is  produced  by  municipalities. 

Waste  treatment  and  other  means  of  waste  reduction  decrease 
the  total  organic  load  to  the  subregion's  waters  by  about  73  per- 
cent, so  that  only  about  379,665  PE  actually  reach  waterways.  Of 
this  total,  35,465  PE  are  released  by  municipalities,  and  344,200 
PF,  are  discharged  by  industries. 
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Other  sources  of  pollution  in  the  subregion  include  wastes 
from  the  rural- domestic  population,  irrigation,  land  use,  agri- 
cultural animals,  recreation,  and  natural  sources. 


Municipalities 


Walla  Walla  Subbasin  The  population  in  the  Kalla  Walla 
Subbasin  served  by  municipal  waste  treatment  facilities  is  about 
39,800,  or  68.7  percent  of  the  subbasin's  total  population.  At 
present,  all  communities  in  the  subbasin  with  sewer  systems  pro- 
vide secondary  treatment  of  their  waste  waters.  These  plants  have 
an  overall  removal  efficiency  of  about  87  percent. 
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The  City  of  Walla  Walla  has  experienced  difficulties  in 
recent  years  as  a result  of  treating  food-processing  wastes 
in  the  municipal  facility.  During  the  period  of  peak  demands 
(June-Julv) , removal  efficiencies  drop  below  70  percent;  and  about 

116.000  PL  are  discharged  to  Mill  Creek.  Some  of  the  plant  efflu- 
ent is  diverted  to  land  for  irrigation. 

All  other  communities  in  the  subbasin  have  adequate  treat- 
ment of  wastes.  The  City  of  Mi lton-Freewater  pipes  sewage  efflu- 
ent from  its  secondary  treatment  plant  to  an  irrigation  line 
carrying  effluent  from  three  local  canneries.  The  combined  load 
is  applied  to  land  for  irrigation  purposes. 

Although  the  communities  of  Waitsburg  and  Dayton  provide 
adequate  treatment,  low  dissolved  oxygen  levels  do  occur  during 
summer  low-flow  periods  in  the  Touchet  River. 

Umatilla  Subbasin  Approximately  27,270  persons,  or  67.0 
percent  of  the  subbasin's  population,  are  served  by  municipal 
waste  treatment  facilities.  In  general,  municipal  waste  treatment 
removes  about  88  percent  of  organic  oxygen  demanding  wastes.  Also, 
nearly  all  plants  provide  disinfection  of  effluents. 

Sanitary  sewage  and  industrial  wastes  generated  within  the 
Pendleton  Service  Area  are  presently  treated  in  a secondary  treat- 
ment plant  in  need  of  expansion.  During  the  period  from  June  to 
August,  food-processing  wastes  add  an  organic  loading  of  about 

44.000  PE  to  the  facility.  As  a result,  the  effluent  discharged 
to  the  Umatilla  River  increases  from  an  average  of  4,000  PE  to 
over  14,000  PE  during  the  period  of  low  streamflow. 

The  community  of  Heppner  has  an  adequate  secondary  treat- 
ment plant.  However,  it  discharges  waste  effluents  to  Willow 
Creek  which  has  low  summer  flow. 


Other  municipalities  in  the  subbasin  have  adequate  treatment 
facilities.  Only  the  communities  of  Umatilla  and  McNarv,  pro- 
viding primary  treatment,  and  Boardman  and  Pilot  Rock,  with  lagoons, 
have  less  than  secondary  treatment. 

John  Day  Subbasin  Municipal  treatment  facilities  serve 
about  5,850  persons,  or  37.5  percent  of  the  subbasin's  population. 

In  general,  these  facilities  provide  satisfactory  treatment  of 
their  wastes.  An  overall  removal  efficiency  of  79  percent  of  the 
oxygen-demanding  load  is  accomplished.  The  average  organic  loading 
to  the  subbasin  waterways  by  municipal  sources  is  only  1,200  PF.. 
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Of  the  communities  with  municipal  treatment  facilities,  only 
Arlington,  Moro,  and  Long  Creek  do  not  provide  secondary  treatment. 

Bates  and  Canyon  City  discharge  180  and  280  PE,  respectively, 
after  treatment  by  individual  septic  tanks.  The  remainder  of  the 
communities  rely  upon  individual  septic  tanks  discharging  to  sub- 
surface drain  fields.  The  Oregon  State  Sanitary  Authority  reports 
that  sewer  systems  and  treatment  plants  are  needed  at  Bates, 

Canyon  City,  Ukiah,  Mt.  Vernon,  Dayville,  Izee,  Mitchell,  and 
Kinzua. 


Deschutes  Subbasin  Only  about  39.7  percent  of  the  subbasin 
population,  or  18,200  persons,  are  served  by  municipal  waste 
treatment  facilities  in  the  Deschutes  Subbasin.  The  municipali- 
ties utilize  effective  treatment  and  disposal  practices,  allowing 
only  1,060  PE  to  enter  the  subbasin  waterways.  Removal  of  about 
95  percent  of  the  wastes  generated  is  accomplished.  In  addition, 
all  waste  effluents  are  disinfected  before  discharge  to  streams. 

In  the  Bend  Service  Area,  about  eight  percent  of  the  popu- 
lation are  served  by  municipal  sewer  systems.  The  wastes  that  are 
collected  do  not  receive  any  form  of  treatment  before  disposal  to 
lava  sinkholes.  The  majority  of  the  population  depend  on  septic 
tanks  and  individual  subsurface  disposal  to  sinkholes  or  seepage 
pits.  No  pollution  of  streams  or  ground  water  as  a result  of 
this  kind  of  disposal  has  been  detected.  However,  close  sur- 
veillance of  the  ground-water  quality  in  the  area  should  be 
maintained . 

Prineville  and  Warm  Springs  have  lagoons,  and  the  remainder 
of  the  municipal  systems  use  septic  tanks  and  Imhoff  tanks.  The 
communities  of  Culver,  Madras,  Metolius,  Redmond,  and  Sisters  have 
no  sewage  collection  systems  but  rely  on  individual  subsurface 
disposal  of  wastes. 

Hood  Subbasin  About  14,000  persons,  or  43.5  percent  of 
the  Hood  Subbasin  population,  are  provided  with  municipal  waste 
treatment  facilities.  Primary  treatment  plants  at  The  Dalles 
and  Hood  River  serve  10,000  and  3,500  persons,  respectively;  and 
an  oxidation  lagoon  at  Dufur  serves  500  persons.  These  facili- 
ties discharge  a total  organic  oxygen-demanding  load  of  about 
16,000  PE,  representing  an  overall  efficiency  of  about  35  percent. 
The  remaining  municipalities  in  the  subbasin  generally  depend  on 
individual  septic  tanks  and  drain  fields  for  disposal  of  wastes. 

Linder  the  Oregon  Water  Quality  Standards  Implementation 
Plan,  the  cities  of  The  Dalles  and  Hood  River  are  to  provide 
secondary  treatment  by  July  1972. 


Pollution  from  municipal  sources  is  approaching  a critical 
stage  in  a few  reported  areas.  The  community  of  Parkdale  has  no 
public  sewer  system,  and  problems  have  occurred  as  a result  of  the 
disposal  of  septic  tank  effluent.  Tile  drainages  discharge  into 
open  drainage  ditches  that  flow  into  Trout  Creek.  Although  gross 
pollution  of  the  river  does  not  occur,  a local  bacterial  problem 
is  evident.  Another  problem  area  is  below  the  community  of  Odell, 
which  also  has  septic  tanks  but  which  is  "o1'1  a 

secondary  treatment  plant. 

Klickitat  Subbasin  Only  38.8  percent  of  the  subbasin  popu- 
lation, or  about  7,030  persons  in  the  Klickitat  Subbasin,  are 
served  by  municipal  facilities.  The  municipal  systems  have  an 
overall  removal  efficiency  of  only  43  percent  and  discharge  4,260 
PE  to  the  subbasin's  waters.  Even  though  most  treatment  facili- 
ties are  in  need  of  upgrading,  no  critical  pollution  problems 
exist . 

Treatment  facilities  within  the  subbasin  include  a secondary 
treatment  plant  at  Goldendale;  primary  treatment  plants  at  White 
Salmon,  Bingen,  and  Klickitat;  and  a septic  tank  at  Wishram. 
Stevenson  is  the  only  community  in  the  Mid-Columbia  Subregion  now 
discharging  wastes  to  the  Columbia  River  without  any  form  of 
treatment.  The  Washington  Water  Quality  Standards  call  for 
secondary  treatment,  disinfection,  and  outfall  facilities  at 
Stevenson  by  1972. 


Industries 

Walla  Walla  Subbasin  Industrial  wastes  in  the  Walla  Walla 
Subbasin  are  mostly  from  the  food-processing  and  pulp-and-paper 
industries.  The  pulp-and-paper  industry  discharges  about  135,000 
PE  to  the  Columbia  River  without  any  waste  treatment.  During 
the  summer  months,  the  food-processing  industry  achieves  a 
removal  efficiency  of  84  percent  of  the  oxygen-demanding  load, 
with  a resulting  waste  release  of  about  116,000  PE. 

The  food-processing  industries  are  located  in  Walla  Walla, 
Mi lton-Freewater,  Weston,  Dayton,  and  Waitsburg.  Average  monthly 
raw  waste  production  during  the  pea-processing  season  (mid-June 
through  July)  has  averaged  about  700,000  PE  per  day  in  recent 
years,  although  daily  peaks  have  approached  1,000,000  PE.  Except 
at  Walla  Walla,  essentially  all  of  these  wastes  arc  used  for  spray 
irrigation  or  discharged  to  non-overflow  lagoons.  A separate 
industrial  sewer  and  secondary  treatment  plant  serve  food  proces- 
sors at  Walla  Walla.  Some  of  the  industrial  wastes  are  treated 
in  the  municipal  plant.  An  effluent  with  an  organic  loading  of 
about  116,000  PE  is  discharged  to  Mill  Creek  or  to  irrigation 
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systems.  It  is  estimated  that  about  90  percent  of  the  oxygen- 
demanding wastes  applied  to  the  land  are  removed.  The  return  flow 
represents  an  estimated  additional  waste  load  of  30,000  PE  to  the 
subbasin's  waters. 

A 560-ton-per-day  kraft  pulp  mill  is  operated  at  Wallula. 

The  plant  has  excellent  in-plant  control  processes.  However,  no 
treatment  facilities  are  provided  except  small  lagoons  for  emergency 
waste  storage.  An  average  annual  waste  load  of  135,000  PE  is 
discharged  to  the  Columbia  River.  The  Washington  Water  Quality 
Standards  require  secondary  treatment  of  the  mill's  wastes  by 
December  1971. 

Other  industrial  pollution  sources  in  the  subbasin  are 
limited  to  a number  of  small  sawmill  and  lumber  operations. 

Although  no  data  are  available  as  to  the  relative  extent  of  the 
problems  it  is  not  believed  to  be  significant. 

Umatilla  Subbasin  The  major  industrial  waste  producers  in 
the  Umatilla  Subbasin  are  the  food-processing  and  lumber-manufactur- 
ing industries . Treatment  practices  are  good,  generally  allowing 
the  discharge  of  only  small  waste  loads.  However,  summer  pea- 
canning and  freezing  operations  result  in  significant  waste  dis- 
charges to  the  subbasin's  waterways  during  low  flow  periods. 

In  the  Pendleton  area,  most  industries  utilize  the  munici- 
pal waste  treatment  plant.  An  industrial  waste  load  of  about 
10,000  PE  is  discharged  to  the  Umatilla  River  during  the  summer 
months  from  the  municipal  facilities. 

Most  other  industries  practice  land  disposal  of  their 
wastes.  The  lumber-manufacturing  industry  at  Pilot  Rock  operates 
two  storage  lagoons  from  October  to  March.  During  the  remainder 
of  the  year,  the  wastes  are  applied  to  land  for  crop  irrigation. 

The  food-processing  industry  at  Athena  disposes  of  its  wastes 
by  crop  irrigation.  A total  waste  load  of  about  167,000  PE  is 
applied  to  land  for  crop  irrigation.  Assuming  a 95  percent  reduc- 
tion in  oxygen-demanding  wastes  by  the  land,  this  results  in  an 
organic  load  of  about  8,000  PE  to  the  subbasin's  waters. 

Other  waste  sources  in  the  subbasin  are  limited  to  small 
sawmill  and  lumber  operations.  However,  their  waste  contribution 
is  probably  insignificant. 

John  Day  Subbasin  Industrial  wastes  are  not  a serious 
problem  in  the  John  Day  .Subbasin.  However,  a sawmill  at  Bates 
discharges  log  pond  wastes  to  the  Middle  Fork  of  the  John  Day 
River  which  have  caused  pollution  problems  downstream.  The  only 
other  industries  are  small  meatpacking  and  slaughterhouse 
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operations  and  local  creameries.  Present  treatment,  consisting 
mainly  of  septic  tanks  and  drainage  fields,  is  considered  ade- 
quate for  the  most  part. 


I 


Deschutes  Subbasin  Industrial  sources  of  pollution  in  the 
Deschutes  Subbasin  include  dairies,  food-processing  plants,  and 
the  lumber-manufacturing  industry.  In  general,  no  industrial 
wastes  are  discharged  to  the  subbasin's  waters.  Land  application 
or  disposal  to  lava  sinkholes  is  usually  practiced. 

A lumber  company  at  Bend  handles  logs  in  the  Deschutes 
River,  and  this  practice  results  in  debris  problems. 

I 

Hood  Subbasin  Major  industries  in  the  Hood  Subbasin 
include  food  processing,  lumber  manufacturing,  and  aluminum 
processing.  The  subbasin's  industries  have  an  overall  waste 
reduction  efficiency  of  56  percent  and  discharge  about  93,000  PE 
to  the  watercourse. 

A milling  and  hardboard  plant  at  Dee  discharges  40,000  PE 
of  wood  product  wastes  to  the  Hood  River.  The  sawmill  operates 
ponds  and  disposes  of  wastes  to  land,  but  the  hardboard  plant 
provides  only  a flow-through  lagoon.  The  wood  sugar,  pulp,  and 
bark  wastes  have  encouraged  excessive  algal  growth,  depressed 
the  dissolved  oxygen  level,  decreased  the  aesthetic  appearance 
of  the  river,  and  caused  problems  in  irrigation  diversion  facili- 
ties . 

There  are  several  food-processing  industries  in  ITie  Dalles 
and  Hood  River  discharging  wastes  directly  to  the  Columbia  River. 
During  the  summer  season,  a waste  load  of  about  53,000  PE  is 
released  without  treatment.  There  are  several  companies  packing 
^ fresh  fruit  in  the  Hood  River  area  that  discharge  washing  water, 

*■  after  screening,  directly  to  the  Hood  River  or  irrigation  drains 

leading  to  the  river.  The  extent  of  pollution  from  this  practice 
is  unknown. 

Very  little  data  are  available  regarding  discharge  to  the 
Columbia  River  from  an  aluminum  company  at  The  Dalles.  It  may 
be  high  in  fluorides,  inorganic  solids,  and  oils  and  may  be  of 
a higher  temperature  than  the  river.  Depending  on  the  method  of 
handling  pot  liners,  cyanide  may  also  be  a problem. 

Klickitat  Subbasin  Industrial  sources  of  pollution  in  the 
Klickitat  Subbasin  are  limited  to  small  sawmill  and  lumber  opera- 
tions. Although  no  data  are  available  concerning  waste  dis- 
charges, they  are  not  believed  to  be  significant. 
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Rural-Domestic 

A summary  of  population  and  percentage  of  the  population 
served  by  individual  waste  disposal  systems  in  each  subbasin  and 
for  the  subregion  as  a whole  is  presented  in  table  97.  With  the 
exception  of  the  Walla  Walla  and  Umatilla  Subbasins,  the  majority 
of  the  population  are  classed  as  rural-domestic. 

In  general,  the  pollution  problem  from  rural-domestic 
wastes  is  confined  to  local  contamination  of  ground  water.  This 
is  of  particular  concern  in  several  locations,  including  the 
Milton-Freewater  area;  parts  of  the  John  Day  Subbasin;  the  middle 
Deschutes  area;  and  the  vicinity  of  The  Dalles  and  Hood  River. 

The  problem  is  usually  associated  with  individual  sewage  disposal 
systems,  consisting  of  septic  tanks  and  subsurface  drain  fields. 
In  most  cases,  contamination  is  most  serious  in  shallow  domestic 
well  supplies,  but  in  the  Milton-Freewater  and  middle  Deschutes 
areas  contamination  of  deep  ground-water  tables  is  also  of  con- 
cern. Water  quality  surveys  have  been  conducted  in  the  middle 
Deschutes  area,  where  drain  holes  have  been  drilled  through  as 
much  as  several  hundred  feet  of  lava  rock  for  the  disposal  of 
septic  tank  effluent.  The  studies  indicate  that  it  is  only  a 
matter  of  time  before  uncontrolled  discharge  of  wastes  will  cause 
ground-water  pollution.  Here,  as  in  most  places,  once  the 
ground-water  becomes  polluted,  it  may  remain  unusable  for  a long 
period  of  time. 


Table  97  - Summary  of  Population  Served  by  Individual  Waste 
Disposal  Facilities,  Subregion  7 1/ 


Population 

Percent 

Percent 

> 

Served 

Subregion 

Subbas in 

Subbasin 

Thousands 

Population 

Population 

j. 

\ 

Walla  Walla 

18.1 

8 . 6 

51.5 

Umatilla 

15.4 

6.4 

55 . 0 

;f . 

John  Day 

9.7 

4.6 

62.5 

Deschutes 

27.6 

15.1 

60.5 

Hood 

18.2 

8.7 

56.5 

I 

Klickitat 

11.1 

5.5 

61.2 

98.1  46.7 


1/  Derived  as  a residual  from  FPCA  Municipal  and  Industrial  Waste 
Inventory,  Mid-Columbia  Subregion,  1965. 
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Irrigation 


Approximately  542,000  acres  are  presently  irrigated  in 
the  Mid-Columbia  Subregion.  This  irrigation  requires  an  annual 
diversion  of  2.4  million  acre-feet  of  water.  About  0.9  million 
acre-feet  return  to  streams  as  irrigation  return  flow.  Ridge 
and  furrow  methods  of  irrigation  are  practiced  on  about  75  per- 
cent of  the  irrigated  land,  and  the  remaining  land  is  generally 
irrigated  by  sprinkler  methods. 

Irrigation  return  flows  have  considerable  detrimental 
effect  on  water  quality  in  several  areas--including  the  Touchet 
River  in  the  Dayton-Waitsburg  area,  the  Walla  Walla  River  and 
Mill  Creek  in  the  Walla  Walla  area,  the  Umatilla  River  in  the 
Pendleton  area.  Willow  Creek  in  the  Heppner  area,  and  the  John 
Day  River.  The  major  problems  have  been  a result  of  added 
nutrient  and  BOD  loadings  to  the  streams,  as  well  as  suspended 
materials.  Heavy  algal  blooms  and  aesthetic  nuisance  conditions 
have  often  resulted. 

Also  of  importance  is  the  diversion  of  water  for  irriga- 
tion during  periods  of  low  and  sometimes  normal  streamflow.  This 
reduces  the  waste  assimilation  capacity  of  the  stream  and  makes 
it  undesirable  for  recreation  and  fisheries  use.  Poor  water 
quality  conditions  may  thus  occur  below  many  otherwise  adequate 
secondary  treatment  plants  as  a result  of  the  lack  of  water  to 
assimilate  residual  wastes. 


Agricultural  Animals 

Domestic  stock  and  wild  range  animals  in  the  Mid-Columbia 
Subregion  constitute  a significant  source  of  BOD,  nutrients,  and 
bacterial  pollution.  The  estimated  organic  waste  potential  of 
the  animal  population  is  equivalent  to  that  from  a population  of 
3.9  million  people.  An  estimated  95  percent  of  the  wastes 
generated  are  reduced  through  soil  filtration  and  natural  de- 
composition, so  that  about  200,000  PE  eventually  reach  waterways. 

The  largest  concentrations  of  animals  are  along  the  John 
Day,  Deschutes,  and  Umatilla  Rivers.  The  impact  of  their  wastes 
on  water  quality  is  greatest  in  the  Umatilla  and  John  Day  Sub- 
basins since  streams  in  these  areas  are  subject  to  extreme  low- 
flow  conditions.  The  occurrence  in  relatively  unpopulated  areas 
of  stream  BOD  concentrations  ranging  upwards  of  3.5  to  4.0  mg/1  ! i 

and  coliform  counts  as  high  as  7,000  organisms  per  100  ml  is 
probably  the  result  of  animal  wastes. 
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Other  Land  Uses 


The  production  and  transport  of  sediment  are  the  most  signi- 
ficant quality  impairments  resulting  from  land  use  in  the  Mid- 
Columbia  Subregion.  The  generalized  sediment  yields  range  between 
0.02  and  4.0  acre-feet  per  square  mile  per  year.  Studies  of 
available  data  show  that  the  largest  sediment  source  is  sheet 
erosion  on  upland  agricultural  land.  Studies  of  soil  loss  in  the 
northwestern  states  indicate  that  the  agricultural  belt  in  the 
Walla  Walla  watershed  has  the  highest  erosion  rates;  the  agri- 
cultural area  of  the  northern  counties  in  Oregon,  more  moderate 
rates;  and  the  mountainous  range  and  forested  land,  progressively 
lower  rates. 


Present  Water  Quality  1 

• f 

A relatively  small  amount  of  data  has  been  collected  for 
most  reaches  of  the  Mid  Columbia  since  quality  monitoring  agencies 
have  budgetary  limitations,  and  the  Columbia  River  lies  between 
two  states.  However,  the  state  agencies  have  an  ambitious  water 
quality  monitoring  program  for  intrastate  streams,  and  both 
Washington  and  Oregon  have  now  begun  regular  sampling  programs  on 
the  Columbia. 


There  are  many  conflicts  among  analyses  from  different 
agencies  at  comparable  stations  along  the  river.  This  is  especially 
evident  with  respect  to  iron,  phosphate,  and  nitrogen  analyses  and 
may  be  due  to  sampling  or  analytical  techniques.  In  the  future, 
efforts  should  be  made  to  resolve  such  differences.  For  the 
present,  inferences  must  be  made  from  the  existing  data. 

The  Columbia's  discharge  ranks  it  as  the  fourth  largest 
river  in  North  America  and  provides  ample  dilution  capacity  to 
absorb  impacts  from  its  somewhat  sparsely  developed  basin  with  few- 
significant  changes  in  water  quality  characteristics. 


The  waters  of  the  Mid-Columbia  are  generally  good  from  the 
standpoint  of  dissolved  oxygen,  color,  turbidity,  hardness,  dis- 
solved solids,  biochemical  oxygen  demand,  and  radioactivity. 

Problems  do  occur  in  the  main  stem  and  tributaries  with  respect 
to  temperature,  nutrient  levels,  and  bacterial  and  biological 
contamination.  Recently,  concern  has  been  raised  about  super- 
saturation  of  nitrogen  as  a significant  problem  affecting  fisheries. 

Ma i n Stem  Columbia  River 

The  dissolved  oxygen  in  all  reaches  of  the  Columbia  River 
from  McNary  Dam  to  Bonneville  Dam  averages  well  above  saturation. 
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as  shown  in  figure  73.  The  dissolved  oxygen  levels  average  about 
9 mg/1  at  all  stations  on  the  main  stem,  and  the  minimum  levels 
are  above  6.5  mg/1.  Figure  74  shows  a mean  Columbia  River  dis- 
solved oxygen  profile. 


FIGURE  73.  Dissolved  Oxygen,  Percent  Saturation,  Columbia  River. 


The  Oregon  State  Water  Quality  Standards  provide  that  no 
wastes  shall  be  discharged  into  the  Columbia  River  which  cause 
dissolved  oxygen  levels  to  fall  below  90  percent  of  saturation. 
This  condition  is  generally  satisfied  throughout  the  length  of 
the  Mid-Columbia.  One  OSSA  survey,  on  September  11  and  12,  1967, 
showed  afternoon  values  of  86,  89,  and  87  percent  saturations  for 
river  miles  292.0,  290.5,  and  268.1,  respectively.  Six  other 
stations  in  the  same  survey  showed  saturations  greater  than  90 
percent.  The  saturations  below  90  percent  cannot  be  attributed 
to  other  than  natural  causes,  and  no  detrimentally  low  DO  levels 
occurred . 

The  BOD  data  for  the  Mid-Columbia  River  generally  show  low 
BOD  levels.  A FWPCA  Water  Surveillance  Station  at  Bonneville  Dam 
shows  an  average  BOD  of  1.1  mg/1  at  river  mile  145.5.  This  low- 
value,  coupled  with  the  generally  satisfactory  dissolved  oxygen 
level,  indicates  that  BOD  levels  are  not  of  problem  porportions. 
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FIGURE  74.  Dissolved  Oxyqen  Profile,  Columbia  River. 


Coliform  data  for  relatively  few  stations  on  the  Mid- 
Columbia  River  are  available.  Figure  75  shows  a mean  coliform 
profile  of  the  river.  Oregon  and  Washington  State  Water  Quality 
Standards  require  that  median  coliform  counts  shall  not  exceed 
240/100  ml  throughout  the  portion  of  the  main  stem  in  the  Mid 
Columbia  Subregion.  Available  data  show  that  the  standards  are 
met  in  this  reach  of  the  river. 

Maintaining  adequate  temperature  levels  is  one  of  the  most 
significant  problems  complicating  water  resource  management  of 
the  Columbia  River  today  and  might  grow  in  importance  as  thermal 
power  plants  are  built.  Elevated  temperatures  have  detrimental 
effects  on  salmonid  fisheries  which  make  up  a significant  portion 
of  the  economic  resources  of  the  Columbia  Basin.  For  protection 
of  anadromous  fish  migration,  Oregon  and  Washington  temperature 
standards  for  the  Columbia  River  permit  no  measurable  increases 
in  river  temperature  from  unnatural  waste  sources  or  activities 
when  such  river  temperatures  are  68°F.  (20°C.)  or  above. 

Figure  76  presents  a temperature  profile  of  the  Lower  Columbia 
River  for  the  critical  months  of  duly,  August,  and  September. 

Figure  77  shows  the  mean  monthly  variation  in  water  temperatures 
at  three  stations  along  the  river.  By  examining  figures  76  and 
77,  it  is  apparent  that  summer  water  temperatures  in  the  Columbia 
River  exceed  the  State  standards  from  McNarv  Dam  to  Bonneville  Dam. 
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FIGURE  75.  Coliform  Bacteria  Profile,  Columbia  River. 


Figure  78  shows  nutrient  and  trace  element  levels  for  the 
Columbia  River.  In  the  Mid-Columbia  the  concentrations  of  nutri- 
ents (orthophosphates  and  nitrates)  and  trace  elements  are  above 
limiting  values  for  stimulation  of  algal  blooms.  However,  no 
nuisance  aquatic  growths  have  been  reported. 

The  potential  for  abnormally  high,  and  perhaps  even  harmful, 
levels  of  radioactivity  in  the  Columbia  River  exists  primarily  as 
a consequence  of  discharges  of  the  Hanford  Atomic  IVorks  upstream 
from  Richland,  Washington.  Levels  of  activity  to  date  have  not 
approached  the  danger  level,  and  continuous  monitoring  by  AtiC 
and  Battel le  Northwest  and  also  by  the  states  of  Washington  and 
Oregon  and  FWQA  will  provide  adequate  warning  if  a hazard  develops. 
Cross  beta  activity  at  McNary  Dam  has  averaged  only  273  picocuries/ 
liter  as  compared  with  the  PUS  raw  water  supply  standard  of  1,000 
picocuries/liter. 
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FIGURE  76.  Temperature  Profile,  Columbia  River 
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FIGURE  77.  Mean  Monthly  Temperatures,  Columbia  River. 


FIGURE  78.  Dissolved  Minerals  Concentration,  Columbia  River. 


Supersaturated  levels  of  dissolved  nitrogen  as  high  as 
140  percent  have  recently  been  reported  by  the  Bureau  of  Commercial 
Fisheries.  The  condition  persists  all  along  the  Columbia  River 
from  Grand  Coulee  Dam  to  the  mouth  and  presents  a threat  to  migra- 
tory salmonids. 

Although  there  is  a considerable  difference  in  the  chemical 
quality  of  the  tributaries  of  the  Columbia  River  in  this  sub- 
region,  the  overall  variation  in  the  quality  of  the  main  stem  is 
slight.  The  average  flow  of  the  individual  tributary  streams  is 
less  than  3 percent  of  the  average  flow  of  the  Columbia  River,  and 
they  would  have  to  carry  extremely  high  solute  loads  to  affect  its 
mineral  quality. 

The  Columbia  River  at  McNary  Dam  contains  a calcium  magnes- 
ium bicarbonate  water  with  an  average  dissolved  solids  concentra- 
tion of  109  mg/1.  Downstream  at  The  Dalles  Dam  below  all  major 
tributaries  which  enter  this  subregion,  the  average  dissolved 
solids  concentration  is  114  mg/1.  A study  of  the  chemical  quality 
record  at  The  Dalles  Dam  since  1950  reveals  no  short-term  trend 
of  mineral  quality  change  that  cannot  be  attributed  to  variation 
in  discharge.  (14) 


Tributaries 


The  major  tributaries  in  the  Mid  Columbia  Subregion  are  the 
Walla  Walla,  Umatilla,  John  Day,  Deschutes,  Hood,  and  Klickitat 
Rivers.  Table  98  presents  a summary  of  physical,  chemical,  and 
bacteriological  parameters  important  to  water  quality  control  for 
selected  stations. 


The  Walla  Walla,  Umatilla,  John  Day,  and  Deschutes  Rivers 
reflect  the  arid  climate  and  the  use  of  water  for  irrigation.  In 
the  upper  reaches,  these  streams  are  usually  low  in  dissolved 
solids  and  contain  relatively  clear  waters.  With  the  exception 
of  summer  low-flow  conditions,  the  streams  flow  to  the  Columbia 
without  serious  water  quality  degradation.  Quality  problems 
during  much  of  the  year  are  restricted  to  excessive  turbidity 
during  periods  of  high  runoff.  However,  during  the  summer,  as 
the  streams  flow  through  the  arid  parts  of  the  subregion,  stream 
diversions  and  irrigation  return  flows  significantly  affect  water 
quality.  In  the  Walla  Walla,  Umatilla,  and  John  Day  Subbasins, 
stream  diversions  have  resulted  in  flows  too  low  to  assimilate 
oxygen-demanding  wastes  and  in  some  cases  have  reduced  a stream 
to  stagnant  pools  where  biological  nuisance  conditions  occur. 
Irrigation  return  flows  contribute  to  increases  in  suspended  and 
dissolved  solids,  color,  turbidity,  and  temperatures.  Nutrient 
concentrations  have  reached  levels  significantly  above  the  thresh- 
old limit  for  algal  stimulation  (0.3  mg/1  for  nitrates  and  0.025 
mg/1  for  phosphates) . Phosphate  concentrations  have  been  reported 
at  over  1.0  mg/1  in  the  Walla  Walla  and  Umatilla  Rivers,  and  over 
0.4  mg/1  in  the  John  Day  and  Deschutes  Rivers.  Log  pond  overflow 
from  a sawmill  at  Bates  causes  slime  pollution  in  the  Middle  Fork 
of  the  John  Day  River.  Stream  temperatures  have  frequently 
averaged  over  70°F.  (21°C.)  on  a monthly  basis  and  have  on  occasion 
risen  to  maximum  daily  temperatures  above  80°F.  (27°C.).  Such 
conditions  have  often  resulted  in  nuisance  aquatic  growths. 

Irrigation  use  of  the  Klickitat,  White  Salmon,  and  Hood 
Rivers  is  less  extensive.  Also,  the  streams  flow  through  less 
arid  plateau  area  than  the  other  rivers  in  the  subregion.  Con- 
sequently, they  are  still  relatively  low  in  dissolved  solids  when 
they  enter  the  Columbia  River.  These  streams  become  very  turbid 
during  high  runoff  and  snowmelt  periods  since  they  are  largely 
derived  from  glacial  areas. 

Municipal  waste  effluents  result  in  bacterial  contamination 
below  many  population  centers,  including  Walla  Walla,  Dayton, 
Pendleton,  Heppner,  and  towns  in  the  upper  reaches  of  the  John  Day 
River.  Local  bacterial  contamination  resulting  from  septic  tank 
drainage  also  occurs  on  the  John  Day  and  Hood  Rivers.  However, 
high  counts  have  been  found  on  occasion  in  unpopulated  areas, 
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indicating  that  soil  bacteria  and  animal  populations  can  have 
a decided  effect  on  the  level  of  coliform  bacteria. 


Dissolved  oxygen  levels  for  most  streams  in  the  subregion 
are  normally  satisfactory  and  present  no  water  quality  problems, 
except  in  two  areas.  In  the  Walla  Walla  Subbasin,  seasonal  dis- 
charges of  inadequately  treated  industrial  wastes,  coupled  with 
low  flows  resulting  from  irrigation  diversions,  cause  depletion 
of  dissolved  oxygen  to  near  septic  conditions  in  Mill  Creek  and 
the  lower  Walla  Walla  River.  In  the  Hood  Subbasin,  dissolved 
oxygen  blocks  have  occurred  during  the  summer  months  in  the  East 
Fork  of  the  Hood  River  below  the  plywood  mill  on  that  river. 

The  maximum  observed  suspended-sediment  concentration  in 
the  subregion  has  been  316,000  mg/1  in  a small  stream  in  the 
Walla  Walla  Subbasin.  The  highest  concentrations  observed  gener- 
ally occurred  during  the  great  flood  of  December  1964;  however, 
sediment  concentration  is  high  during  any  flood  period.  In 
December  of  1964,  some  of  the  small  streams  in  the  north-central 
Oregon  area  had  peak  concentrations  of  125,000  mg/1  or  higher 
and  had  sufficient  water  discharge  to  transport  exceptionally 
large  amounts  of  sediment.  The  John  Day  River,  which  had  a 
maximum  observed  concentration  of  100,000  mg/1  during  the  December 
1964  flood,  transported  9.2  million  tons  of  suspended  sediment 
during  the  period  from  December  21  to  31.  This  was  more  than 
eight  times  the  amount  discharged  during  the  entire  1963  water 
year. 


Summary  of  Problems 

A graphical  summary  of  water  quality  problem  areas  in  the 
Mid  Columbia  Subregion  is  presented  in  figure  79.  With  the 
exception  of  the  main  stem  Columbia  River,  most  problems  are 
associated  with  low  streamflows. 

Inadequately  treated  municipal  wastes  result  in  bacterial 
contamination  of  surface  waters  in  the  Walla  Walla,  Umatilla, 
John  Day,  and  Hood  Rivers.  In  addition,  septic  tank  drainage 
and  agricultural  animal  wastes  are  sources  of  coliform  bacteria. 
Municipal  and  rural-domestic  wastes  also  threaten  to  contaminate 
ground  water  in  the  Milton-Freewater  and  Bend  areas. 

The  discharge  of  large  quantities  of  industrial  wastes 
during  low  summertime  flows  causes  dissolved  oxygen  depressions 
in  the  Hood  and  Walla  Walla  Rivers  and  Mill  Creek. 


Excessive  algal  blooms  and  aquatic  growths  occur  in  the 
Walla  Walla,  Umatilla,  John  Day,  Middle  Fork  John  Day,  and  Hood 
Rivers  and  in  Mill  and  Willow  Creeks.  Municipal  and  industrial 
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wastes,  irrigation  return  flows,  and  agricultural  animal  wastes,  in 
combination  with  low  summer  streamflow,  are  generally  responsible 
for  the  condition. 

The  summer  temperature  levels  of  the  Columbia  River  are 
above  recommended  limits  for  fish  migration.  While  high  water 
temperatures  in  the  Columbia  River  are  primarily  from  natural 
causes,  the  Hanford  Atomic  Works  discharges  large  quantities  of 
waste  heat. 

The  Columbia  River  contains  supersaturated  values  of  dis- 
solved nitrogen  gas,  which  causes  gas-bubble  disease  in  fish. 

The  supersaturation  phenomenon--especially  its  persistence  through- 
out th~  Mid  Columbia--is  not  well  understood  as  yet;  however,  as 
discussed  in  the  regional  summary,  a study  is  underway  to  determine 
its  cause,  effect,  and  to  recommend  possible  solutions. 

FUTURE  WATER  QUALITY  MANAGEMENT  NEEDS 

Based  on  the  projected  economic  development  of  the  Mid 
Columbia  Subregion,  the  population  is  expected  to  increase  from 
210,300  in  1965  to  404,400  in  2020.  This  is  an  increase  of  90 
percent  for  the  subregion,  compared  with  121  percent  for  the 
region. 

Figure  80  shows  the  projected  subbasin  populations  for 
the  years  1980,  2000,  and  2020.  The  projected  subbasin  and 
service  area  populations  for  municipal  and  rural  categories  are 
presented  in  table  99.  Nearly  half  of  the  population  will  be 
centered  in  the  Walla  Walla,  Pendleton,  Bend,  and  The  Dalles 
Service  Areas  by  2020. 

j Industrial  development  in  the  future  will  continue  to  be 

- based  on  the  subregion's  abundant  forests  and  productive  food 

crops.  Production  by  the  pulp  and  paper  mills  and  the  lumber 
and  wood  products  industries  is  expected  to  increase  by  one  and 
one-half  times  by  2020.  The  food  products  industry  is  expected 
to  increase  production  by  two  and  one-half  times  during  the  same 
period. 


SUMMER  TEMPERATURE: 
'ERSATURATED  NITROGEN 


COLUMBIA- NORTH  PACIFIC 
COMPREHENSIVE  FRAMEWORK  STUDY 


MAJOR  WATER  QUALITY 
PROBLEM  AREAS 

MID  COLUMBIA  SUBREGION  7 


1980  2000  2020 

'/7°@  Hood  Subbasin 


1980  2000  2020 

t/7Dfj’  Klickitat  Subbcsm 

LEGEND 


RURAL  POPULATION  (THOUSANDS) 


MUNICIPAL  POPULATION  ( THOUSANDS) 


FIGURE  80.  Projected  Population,  Subregion  7 
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Table  99  - Projected  Population. 

, Subregion  7 

11 

1980 

2000 

2020 

Thousands- 

Walla  Walla  Subbasin 

64.0 

83.0 

106.0 

Walla  Walla  Service  Area 

39.5 

56.6 

73.9 

Municipal 

38.0 

55.9 

73.9 

Rural 

1.5 

0.7 

— 

Other 

24.5 

26.4 

32.1 

Municipal 

7.8 

9.8 

14.9 

Rural 

16.7 

16.6 

17.2 

Subtotal 

64.0 

83.0 

106.0 

Municipal 

45.8 

65.7 

88.8 

Rural 

18.2 

17.3 

17.2 

Umatilla  Subbasin 

52.4 

68.9 

80.0 

Pendleton  Service  Area 

23.1 

27.7 

31.3 

Municipal 

23.1 

27.7 

31.3 

Rural 

— 

" 

— 

Other 

29.3 

41.2 

48.7 

Municipal 

11.8 

21.2 

26.7 

Rural 

17.5 

20.0 

22.0 

Subtotal 

52.4 

68.9 

80.0 

Municipal 

34.9 

48.9 

58.0 

Rural 

17.5 

20.0 

22.0 

John  Day  Subbasin 

16.0 

16.0 

16.0 

Municipal 

6.2 

6.3 

6.5 

Rural 

9.8 

9.7 

9.5 

Deschutes  Subbasin 

60.0 

77.0 

93.4 

Bend  Service  Area 

18.1 

24.5 

31.3 

Municipal 

16.1 

23.5 

31.3 

Rural 

2.0 

1.0 

" 

Other 

41.9 

52.5 

62.1 

Municipal 

20.0 

28.4 

36.0 

Rural 

21.9 

24.1 

26.1 

Subtotal 

60.0 

77.0 

93.4 

Municipal 

36.1 

51.9 

67.3 

Rural 

23.9 

25.1 

26.1 

Hood  Subbasin 

38.0 

54.0 

83.0 

The  Dalles  Service  Area 

15.2 

20.9 

28.7 

Municipal 

12.4 

19.5 

28.7 

Rural 

2.8 

1.4 

— 

Other 

22.8 

33.1 

54.3 

Municipal 

7.6 

14.0 

29.3 

Rural- 

15.2 

19.1 

25.0 

Subtotal 

38.0 

54.0 

83.0 

Municipal 

21.0 

33.5 

58.0 

Rural 

17.0 

20.5 

25.0 

Klickitat  Subbasin 

21.0 

23.0 

26.0 

Municipal 

9.4 

11.4 

12.6 

Rural 

11.6 

11.6 

13.4 

TOTAL  SUBREGION 

251.4 

321.9 

404.4 

Municipal 

152.4 

218.6 

291.2 

Rural 

99.0 

103.3 

113.2 

1/  Derived  from  Economic  Base  and 

Projections,  Appendix 

VII, 

Columbia- 

North  Pacific  Framework  Study, 

January , 

1971  and  from 

i North  Pacific 

Division  Corps  of  Engineers  data.  Differences  between  totals  in 
this  table  and  source  are  due  to  differences  in  subregion  boundaries. 
The  source  is  based  on  economic  boundaries  and  this  table  is  based 
on  hydrologic  boundaries.  The  municipal  population  is  defined  as 
that  population  discharging  wastes  to  a municipal  sewerage  system. 

The  rural  population  is  defined  as  the  residual. 
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Future  Waste  Production 

Municipal 

The  projected  municipal  raw  waste  production  for  the  Mid 
Columbia  Subregion  is  presented  in  table  100.  The  population 
served  by  municipal  waste  collection  and  treatment  systems  is 
expected  to  be  increased  from  54  percent  in  1967  to  72  percent 
by  the  year  2020.  The  entire  population  in  the  four  major  service 
areas  is  expected  to  be  served  by  municipal  systems  by  that  time. 


Table  100  - Present  and  Projected  Municipal  Raw  Organic  Waste 

Production  1 /,  Subregion  7 


1970  2/ 

1980 

2000 

2020 

(1,000': 

s P.E.) 

Walla  Walla  Subbasin 

52.2 

57.3 

82.1 

111.0 

Walla  Walla  Service  Area 

42.2 

47.5 

69.9 

92.4 

Other 

10.0 

9.8 

12.2 

18.6 

Umatilla  Subbasin 

34.2 

43.7 

61 . 1 

72.5 

Pendleton  Service  Area 

22.6 

28.9 

34.6 

39.1 

Other 

11.6 

14.8 

26.5 

33.4 

John  Day  Subbasin 

7.5 

7.8 

7.9 

8.1 

Deschutes  Subbasin 

35.1 

45.6 

64.9 

84.1 

Bend  Service  Area 

17.5 

20.1 

29.4 

39.1 

Other 

17.6 

25.5 

35.5 

45.0 

Hood  Subbasin 

20.0 

25.0 

41.9 

72.5 

The  Dalles  Service  Area 

13.5 

15.5 

24.4 

35.9 

Other 

6.5 

9.5 

17.5 

36.6 

Klickitat  Subbasin 

8.6 

11.8 

14.3 

15.8 

Total  Subregion 

157.6 

191.2 

272.2 

364.0 

1/  A factor  of  1.25  was  applied  to  the 

municipal 

population 

components  to  account 

for  the  effects  of  small 

commercial 

establishments  and  other  urban  activities  which  add  to 

municipal  waste  loads. 

2/  Interpolated  from  1965 

data  and  1980 

projections . 

The  municipal  waste 

loading  outside  of  the 

four  major 

service  areas  is  expected 

to  increase  at 

a faster 

rate  than 

in 

the  service  areas.  The  municipal  waste 

loading  in 

the  service 

area  will  be  57  percent  of 

the  subregion 

's  total  as  compared 

with 

4 

! 

! 
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61  percent  at  the  present  time.  The  Walla  Walla  Service  Area 
will  be  the  largest  municipal  waste  producer  in  the  subregion. 


Industrial 


Projected  raw  organic  waste  loadings  for  the  major  indus- 
trial categories  are  presented  in  table  101  for  the  years  1980, 
2000,  and  2020.  By  the  end  of  the  projection  period,  it  is 
expected  that  industries  will  contribute  approximately  90  percent 
of  the  subregion's  total  organic  waste  loading.  The  food  products 
industry  will  continue  to  be  the  major  organic  waste  source, 
contributing  approximately  75  percent  of  the  industrial  waste 
production.  The  pulp  and  paper,  and  wood  products  industries 
are  other  major  industrial  organic  waste  producers.  The  primary 
metals  industry  may  be  a major  source  of  fluorides,  inorganic 
solids,  oils,  and  heat--particularly  in  The  Dalles  Service  Area. 


Table  101  - Projected  Industrial  Raw  Organic  Waste  Production, 

Subregion  7 1 _/  (5)  (17) 


1970 

1980 

(1,000’ 

2000 
's  P.E.) 

2020 

Pulp  and  Paper 

204.8 

344.5 

444.7 

494.4 

Lumber  and  Wood  Products 

300.3 

317.2 

337.6 

357.9 

Food  Products 

1,003.6 

1,369.0 

1,890.0 

2,620.0 

Total 

1,508.7 

2,030.7 

2,672.3 

3,472.3 

T7  Base  data  from  FWPCA  Inventory  of  MunicipaT  and  Industrial 
waste.  Mid  Columbia  Subregion,  1965. 


In  general,  increases  in  waste  production  will  occur  at 
existing  operations  for  most  industries.  However,  a new  pulp 
and  paper  mill  is  expected  in  the  Oregon  portion  of  the  subregion. 
The  Bend-Redmond  and  Hood  River  areas  are  the  most  likely  sites. 


Rural-Domestic 


The  projected  rural-domestic  waste  production  is  summarized 
in  table  102  for  the  years  1980,  2000,  and  2020.  The  rural- 
domestic  waste  production  was  assumed  to  be  equal  to  the  rural 
population  component  shown  in  table  99.  For  most  areas  outside 
of  the  four  major  service  areas  the  rural  waste  production  is 
expected  to  remain  relatively  constant  or  to  increase  slightly. 
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Table  102  - Projected  Rural  Domestic  Raw  Organic  Waste  Production, 


• 

Subregion  7 

1 
i ■ 

1970  1/ 

1980 

(1,000's 

2000 

P.E.) 

2020 

Walla  Walla  Subbasin 

15.2 

18.2 

17.3 

17.2 

Umatilla  Subbasin 

17.4 

17.5 

20.0 

22.0 

John  Day  Subbasin 

9.7 

9.8 

9.7 

9.5 

Deschutes  Subbasin 

26.4 

23.9 

25.1 

26.1 

Hood  Subbasin 

17.8 

17.0 

20.5 

25.0 

Klickitat  Subbasin 

11.3 

12.6 

11.6 

13.4 

Total  Subregion 

97.8 

99.0 

104\T 

113.2 

1/  Interpolated  from 

1965  data  and 

1980  projections. 

Irrigation 

In  1966,  there  were  approximately  542,000  acres  of  land 
irrigated,  which  required  an  annual  diversion  rate  of  4.4  acre- 
feet  per  acre.  Irrigated  acreage  is  projected  to  increase  to 
860,000  acres  by  1980;  950,000  acres  by  2000;  and  1,220,000  acres 
by  2020. 


Other  Land  Uses 

Projections  of  land  use  in  the  subregion,  by  major  types 
of  land,  are  shown  in  table  103.  The  projections  show'  a decrease 
in  land  area  for  forest,  whereas  the  wood  consumption  demand  by 
the  forest  products  industry  is  expected  to  increase.  The 
potential  for  erosion  and  stream  damage  will  be  greater  as  more 
' intensive  harvesting  methods  are  employed  by  forest  users. 

Increased  use  of  fertilizers  and  pesticides  on  crop  and 
pasturelands  will  represent  a potential  source  of  nutrients  and 
toxic  material  which  could  cause  serious  water  quality  problems. 
The  agricultural  belt  in  the  Walla  Walla  watershed  is  noted  for 
the  highest  erosion  rates,  loading  the  streams  with  sediments. 


Table  103  - Present  5 Projected  Land  Use,  Subregion  7,  (5),  (8) 


1966 

1980 

(thousands 

2000 

of  acres) 

2020 

Land  Use 

Cropland 

3,571 

3,729 

3,735 

3,805 

Irrigated 

(525) 

(834) 

(918) 

(1,186) 

Nonirrigated 

(3,046) 

(2,895) 

(2,817) 

(2,619) 

Forest 

8,328 

8,274 

8,206 

8,118 

Range  1/ 

6,358 

6,176 

6,162 

6,106 

Other  2/ 

565 

613 

675 

733 

Total 

18,822 

18,792 

18,778 

18,762 

\J  Does  not  include  forest  range. 

2 / Includes  barren  land,  roads,  railroads,  small  water  areas, 
urban  and  industrial  areas,  farmsteads,  airports,  etc. 


Agricultural  Animals 

The  raw  organic  waste  production  by  the  livestock  popula- 
tion in  the  subregion  is  expected  to  be  equivalent  to  that  from 
a population  of  5,700,000  in  1980;  7,600,000  in  2000;  and 
10,000,000  in  2020.  This  would  account  for  approximately  72 
percent  of  the  total  raw  organic  waste  production  for  the  sub- 
region.  It  is  projected  that  most  of  the  cattle  will  be  on 
feedlots  by  2020,  causing  more  of  the  animal  waste  to  be  con- 
centrated . 


Recreation 

The  projected  raw  waste  production  by  recreational  activi- 
ties in  the  subregion  is  summarized  as  follows: 

Year  Population  Equivalents  1/ 


1970 

76,000 

1980 

115,500 

2000 

213,000 

2020 

392,000 

1 J Bureau  of  Outdoor  Recreation  and  U.S.D.A.  Forest  Service 
Projections  for  total  man  recreation  days  ( TMRD) . 

In  the  determination  of  wastes  from  recreation  activities,  the 
population  equivalent  is  based  on  the  total  annual  recreation 
days.  The  values  represent  the  daily  raw  waste  production  for  a 
typical  summer  weekend.  In  a number  of  lakes,  wastes  associated 
with  recreational  activities  may  be  the  largest  source  of  organic 
materials,  nutrients,  and  bacteria. 
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Other  Factors  Influencing  Quality 

Mining  and  mineral  processing  are  a source  of  sediments  and 
toxic  materials.  Little  increase  in  mining  activity  and  mineral 
processing  is  expected  as  long  as  prices  of  domestic  minerals 
remain  the  same.  An  increase  in  prices  will  reactivate  the  mining 
activity. 

The  construction  of  reservoirs  creates  pools  from  free- 
flowing  streams  in  which  the  physical  and  chemical  properties  and 
the  biological  populations  are  modified.  Withdrawals  from  dif- 
ferent levels  result  in  various  temperatures  and  dissolved  oxygen 
concentrations  influencing  water  quality  downstream. 


Water  Quality  Goals 

The  water  quality  goals  represent  the  levels  of  water 
quality  required  to  fully  support  the  maximum  water  uses.  In 
managing  the  subregion's  water,  the  primary  purpose  is  to  protect 
and  enhance  the  quality  and  value  of  the  water  resources;  to 
establish  programs  for  the  prevention,  control,  and  abatement  of 
water  pollution;  and  to  allow  maximum  use  of  the  resource  for  all 
beneficial  purposes. 

Water  quality  standards  were  adopted  by  the  states  of 
Oregon  and  Washington  after  holding  public  hearings,  and  the 
Secretary  of  Interior  has  approved  the  standards,  thereby  making 
them  Federal  standards  as  well.  The  states  have  also  developed 
water  quality  standards  for  intrastate  waters  which  are  con- 
sistent with  the  interstate  standards.  These  water  quality 
standards  are  the  basis  for  the  water  quality  goals  in  this  study. 

In  establishing  the  water  quality  standards,  the  use  of 
each  body  of  water  was  determined,  and  criteria  were  set  to  pro- 
tect these  uses  through  quality  levels  which  must  be  maintained. 

In  addition,  the  standards  incorporate  an  anti-degradation  pro- 
vision by  requiring  the  waters  whose  existing  quality  is  better 
than  the  established  standards  be  maintained  at  the  existing 
higher  quality  level.  Also,  the  standards  require  that  the 
highest  and  best  practicable  treatment  under  existing  technology 
be  applied  to  all  waste  discharges.  The  common  parameters 
generally  used  are  dissolved  oxygen  concentrations,  temperature, 
turbidity,  and  coliform  density. 

The  water  quality  standards  are  summarized  in  table  104. 

The  criteria  are  not  inclusive,  and  the  water  quality  standards 
should  be  consulted  for  specific  information.  Copies  of  the 


water  quality  standards  are  available  upon  request  from  the  Oregon 
Department  of  Environmental  Quality  and  the  Washington  Water 
Pollution  Control  Commission. 


Table  104  - Water  Classification  and  Criteria 
Subregion  7 (Washington) 


Water  Quality 

Class  AA 

Class  A 

Class  B 

Parameters 

Extraordinary 

Excellent 

Good 

Coliform 

50  MPN 

240  MPN 

1,000  MPN 

Dissolved  oxygen 

9.5  mg/1 

8.0  mg/1 

6.5  mg/1 

Temperature  1/ 

60°F . 

65°F . 

70°F . 

pH 

6. 5-8. 5 

6. 5-8. 5 

6. 5-8. 5 

Turbidity 

5 JTU 

5 JTU 

10  JTU 

Aesthetic  values 

- Shall  not  be  impaired  by  the  presence  of 
materials  or  their  effects,  excluding  those 
of  natural  origin,  which  offend  the  sense 
of  sight,  smell,  touch,  or  taste. 

1/  For  all  classes,  the  permissible  increase  in  temperature  over 


natural  conditions  is  less  than  1.8°F. 


Water  Quality  Criteria,  Subregion  7 (Oregon) 


Coliform 

Dissolved  oxygen 

Temperature 

pH 

Turbidity 


240/100  ml 

90%  low  flow  and  95%  during  spawning 
2°F.  increase  below  56°F. 

7.0  to  8.5 

10%  increase  when  natural  turbidity  is  over 
30  JTU;  below  30  JTU,  no  increase. 


MEANS  TO  SATISFY  DEMANDS 

Controlling  pollution  in  the  Mid  Columbia  Subregion  in 
order  to  provide  water  quality  sufficient  to  adequately  serve  the 
river  system's  functions  will  require  a coordinated  program  of 
waste  reduction,  flow  regulation,  application  of  waste-controlling 
techniques,  and  development  of  a system  of  cooperative  management 
of  the  watershed  for  pollution  control. 
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Waste  Treatment 


Future  Waste  Discharge 


Future  water  quality  management  in  the  subregion  is  largely 
dependent  on  providing  adequate  municipal  and  industrial  waste 
treatment.  Based  on  treatment  levels  described  in  the  Regional 
Summary  and  on  raw  waste  projections  presented  earlier,  the  pro- 
jected municipal  waste  loadings  to  be  discharged  to  the  waters  of 
each  subbasin  are  presented  in  table  105. 

Table  105  - Projected  Municipal  Organic  Waste  Discharges, 

Subregion  7 


1980 

2000 

2020 

(1,000's  P.E.) 

Walla  Walla  Subbasin 

8.6 

8.2 

11.1 

Walla  Walla  Service  Area 

7.1 

7.0 

9.2 

Other 

1.5 

1.2 

1.9 

Umatilla  Subbasin 

6.5 

6. 1 

7.2 

Pendleton  Service  Area 

4.3 

3.5 

3.9 

Other 

2.2 

2.6 

3.3 

John  Day  Subbasin 

1.2 

0.8 

0.8 

Deschutes  Subbasin 

6.8 

6.5 

8.4 

Bend  Service  Area 

3.0 

3.0 

3.9 

Other 

3.8 

3.5 

4.5 

Hood  Subbasin 

3.7 

4.2 

7.3 

The  Dalles  Service  Area 

2.3 

2.4 

3.6 

Other 

1.4 

1.8 

3.7 

Klickitat  Subbasin 

1.8 

1.4 

1.6 

TOTAL  SUBREGION 

28.6 

27.2 

56.4 

The  waste  discharges  for  major  industrial  categories  are 
shown  in  table  106.  The  total  municipal  and  industrial  organic 
waste  loadings  to  the  receiving  waters  are  expected  to  be  333,200 
PE  in  1980,  294,500  PE  in  2000,  and  383,600  PE  in  2020. 
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Table  106  - Projected  Industrial  Organic  Waste  Discharges, 

Subregion  7 


1980 

2000 

(1,000's  P.E.) 

2020 

Industrial  Category 

Pulp  and  Paper 

51.7 

44.5 

49.4 

Lumber  and  Wood  Products 

47.6 

33.8 

35.8 

Food  Products 

205.3 

189.0 

262.0 

TOTAL 

304.6 

267.3 

347.2 

Treatment  Costs 

Curves  showing  estimated  costs  of  construction  (total 
capital)  and  operation  (annual  operation  and  maintenance)  of 
municipal  sewage  treatment  plants  for  various  treatment  levels  are 
presented  in  the  "Means  to  Satisfy  Demands"  section  of  the  Regional 
Summary . 


Other  Pollution  Control  Practices 

Rural  wastes  will  be  of  major  significance  in  several 
locations.  The  individual  sewage  disposal  systems,  consisting  of 
septic  tanks  and  subsurface  discharges,  will  continue  to  represent 
a possible  hazard  to  ground  water  in  the  Mi lton-Freewater  area, 
parts  of  the  John  Day  area,  the  middle  Deschutes  area,  and  in  the 
vicinity  cf  The  Dalles  and  Hood  River.  In  most  cases,  the  shallow 
domestic  well  supplies  are  in  danger;  but,  in  the  middle  Deschutes 
area,  drain  holes  have  been  drilled  through  several  hundred  feet 
of  lava  rock  for  disposal  of  septic  tank  effluent,  hater  quality 
surveys  have  been  conducted  and  indicate  that  it  is  only  a matter 
of  time  before  the  wastes  will  cause  ground-water  pollution.  Once 
the  ground  water  is  polluted,  it  may  remain  unusable  for  a long 
time.  The  use  of  these  waste-water  wells  must  be  discontinued 
immediately. 

Controls  to  minimize  land  runoff  of  sediments  are  essential 
for  maintenance  of  water  quality  in  the  Mid  Columbia  Subregion. 
Land  management  practices  by  agricultural  interests  in  the  h'alla 
Walla  watershed  must  reflect  the  need  for  protection  against  soil 
erosion. 

The  large  animal  population  in  the  subregion  represents  a 
source  of  organic  wastes  larger  than  all  other  waste  sources.  The 
largest  concentrations  are  along  the  banks  of  the  John  Day, 


Deschutes,  and  Umatilla  Rivers.  Fences  and  simple  retaining  struc- 
tures between  the  animal  habitat  and  watercourses  should  be  pro- 
vided in  order  to  prevent  bank  erosion  and  to  limit  surface 
drainage  so  that  the  wastes  may  decompose  through  soil  processes. 

In  most  cases,  it  may  be  preferable  to  collect  the  wastes  for 
treatment  or  for  spreading  on  the  land  as  a fertilizer. 


Minimum  Flow  Requirements 

Since  waste  treatment  does  not  provide  an  economic  solution 
for  complete  removal  of  contaminants,  and  since  treatment  of  the 
waste  discharges  from  non-point  sources  is  not  practical,  a 
certain  amount  of  streamflow  is  necessary  for  dilution  and  assim- 
ilation of  residual  wastes.  The  minimum  flow  requirements  for 
assimilation  of  wastes  are  related  to  a number  of  factors,  includ- 
ing the  strength  and  deoxygenation  capacity  of  the  wastes;  and 
the  temperature,  reaeration  capacity,  elevation,  and  minimum 
allowable  dissolved  oxygen  for  the  stream. 

A set  of  generalized  curves  showing  minimum  flow  require- 
ments for  raw  waste  loadings  subjected  to  various  treatment  levels 
is  presented  in  figure  81  for  several  D.O.  objectives,  elevations, 
and  selfpurification  factors  (a  combined  characteristic  of  the 
waste  and  stream).  Figure  82  shows  generalized  areas  to  which 
particular  figures  are  applicable.  These  figures  give  only 
approximate  requirements  for  small  to  middle-sized  communities 
with  a normal  mix  of  municipal  and  industrial  wastes. 


Walla  Walla  Service  Area 

The  population  of  the  Walla  Walla  Service  Area  is  projected 
to  increase  steadily  from  33,900  in  1965  to  73,900  in  2020.  The 
food-processing  industry  will  represent  the  major  waste  source, 
with  an  estimated  maximum  monthly  raw  waste  production  of  380,000 
PE  in  1980;  570,000  in  2000;  and  835,000  in  2020. 

Figure  83  presents  the  minimum  streamflow  requirements  for 
the  projection  period.  Although  approximately  one-half  of  the 
treated  effluent  is  discharged  to  the  irrigation  canals  at  the 
present  time,  it  is  assumed  that  85  percent  of  the  total  load  will 
reach  the  Walla  Walla  River. 
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Pendleton  Service  Area 

The  population  of  the  Pendleton  Service  Area  is  expected  to 
increase  from  15,600  in  1965  to  31,300  in  2020.  The  food-processing 
industry  is  expected  to  represent  the  major  organic  waste  source; 
and,  combined  with  the  municipal  waste,  the  maximum  monthly  waste 
production  is  estimated  to  be  92,900  PE  in  1980;  122,800  PE  in  2000 
and  160,000  PE  in  2020. 

Figure  84  presents  the  minimum  streamflow  requirements  for 
the  projection  period. 
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FIGURE  84.  Minimum  Flow  Needs  for  Water  Quality  Control, 
Umatilla  River  at  Pendleton 


Bend  Service  Area 


The  population  of  the  Bend  Service  Area  is  projected  to 
increase  from  16,400  in  1965  to  31,300  in  2020.  At  the  present 
time,  the  wastes  are  discharged  to  lava  sinkholes  without  treat- 
ment, and  no  pollution  of  streams  or  ground  water  has  been 
detected  to  date.  Close  surveillance  of  the  ground-water  quality 
should  be  maintained. 


The  Dalles  Service  Area 


The  population  of  The  Dalles  Service  Area  is  projected  to 
increase  from  14,200  in  1965  to  28,700  in  2020. 
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Other  Minimum  Flow  Requirements 


Minimum  flow  requirements  may  be  required  because  of  the 
pulp  and  paper  industries'  expanding  and  developing  new  sites. 
The  Bend-Redmond  area  is  considered  to  be  a possible  site  for  a 
new  mill  by  1980,  and  the  Hood  River  area  is  considered  as  an 
alternate  location. 


Management  Practices 

The  management  of  the  water  resources  of  the  Mid  Columbia 
Subregion  is  an  important  factor  in  preserving  water  quality  of 
the  streams.  While  flows  are  generally  adequate  to  assimilate 
waste  that  enters  the  streams,  both  now  and  in  the  future, 
dependable  flows  must  be  guaranteed.  A number  of  dams  are  being 
planned  that  could  have  a significant  effect  on  the  flow  regimen 
of  major  streams.  The  diversion  of  water  for  irrigation-- 
especially  during  periods  of  low  f low--reduces  the  waste-assimila- 
tion capacity  of  a stream  and  makes  it  undesirable  for  recreation 
and  fishery  uses.  Irrigation  return  flows  may  have  considerable 
influence  on  water  quality  because  of  the  added  nutrients,  sedi- 
ments, and  for  BOD  loadings,  which  can  result  in  heavy  algal 
blooms  and  aesthetic  nuisance  conditions.  Water  quality  must 
be  considered  in  the  operation  of  new  reservoirs  and  in  changes 
made  in  present  operating  procedures. 
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SUBREGION  8 
LOWER  COLUMBIA 


INTRODUCTION 

The  Lower  Columbia  Subregion  contains  5,103  square  miles 
in  the  states  of  Washington  and  Oregon.  The  subregion  consists  of 
a portion  of  Columbia  County,  Oregon,  and  the  drainage  basin  in 
Washington  between  Bonneville  Dam  and  Grays  Bay  on  the  estuary. 
Rolling  hills  predominate  in  the  western  section,  and  the  local 
relief  is  not  great  mostly  less  than  500  feet.  The  eastern  por- 
tion is  in  the  Cascade  Range,  with  its  rough  topography  rising  to 
an  elevation  of  over  14,000  feet. 

Average  precipitation  ranges  from  40  to  100  inches  between 
November  and  April,  with  light  to  sparse  rainfall  during  the  sum- 
mer months.  Temperatures  are  greatly  modified  by  the  ocean's 
influence,  which  easily  reaches  inland  over  the  low  Coast  Range. 
Extreme  temperatures  of  -20°F.  to  107°F.  (-28.9°  to  41.7°C.)  have 
been  recorded. 

There  are  several  types  of  manufacturing  plants  in  the  sub- 
region,  such  as  pulp,  paper,  lumber,  textile,  and  aluminum.  The 
production  of  pulp  and  paper  is  the  most  important  economic  activi- 
ty. Agriculture  and  agricultural  processing  plants  are  of  rela- 
tively minor  importance.  Recreation  is  becoming  increasingly 
important  because  of  the  nearness  of  the  major  metropolitan  areas 
of  Portland  and  Olympia-Tacoma. 

' The  population  of  the  subregion  was  about  220,250  persons 

in  1965.  About  58  percent  of  the  population  are  concentrated  along 
the  Columbia  River  in  the  Vancouver-Camas  and  Longview-Kelso 
Service  Areas.  Smaller  communities  are  scattered  through  several 
valleys  in  the  area. 


PRESENT  STATUS 

A graphical  summary  of  municipal  and  industrial  waste  pro- 
duction and  discharge  is  presented  in  figure  85.  About  18  percent 
of  the  waste  loading  is  discharged  to  the  Columbia  River  by 
municipalities  and  industries  in  the  Willamette  Subregion.  The 
pulp  and  paper  industry  is  the  major  contributor  of  organic  wastes 
in  the  Lower  Columbia  Subregion.  In  addition,  the  pulp  and  paper, 
petro-chemical , and  aluminum-refining  industries  discharge 


345 


00,22' 


inorganic  wastes  that  may  be  toxic.  Other  sources  of  pollution 
are  relatively  minor,  although  wastes  from  the  rural -domestic 
population  and  from  navigation  and  dredging  activities  can  have 
important  impacts  on  water  quality  in  localized  areas. 

Although  quality  of  the  Main  Stem  Columbia  is  generally 
good,  slime  growths,  attributable  primarily  to  the  pulp  and  paper 
industry,  and  bacterial  pollution,  resulting  from  municipal  ef- 
fluents, have  created  a serious  problem.  High  water  temperatures 
in  the  Lower  Columbia  have  also  been  a cause  for  concern.  Lxcept 
for  limited  bacterial  pollution  in  lower  reaches  and  turbidity- 
problems  in  glacier-derived  streams,  tributaries  arc  generally 
of  excellent  quality. 

Stream  Characteristics 

The  two  principal  rivers,  other  than  the  Columbia  River, 
in  the  Lower  Columbia  Subregion  (the  Cowlitz  and  Lewis  Rivers) 
drain  the  western  slope  of  the  Cascade  Range.  The  Cowlitz  River 
derives  from  the  glaciers  of  Mt . Rainier  and  Mt.  Adams;  the  Lewis 
River  originates  in  the  glaciers  of  Mt.  Adams  only,  with  tribu- 
tary streams  draining  the  south  and  east  slopes  of  Mt.  St. 

Helens.  The  glaciers  tend  to  regulate  streamflow  by  accumulating 
and  storing  precipitation  during  cold,  wet  years  and  releasing 
more  than  average  amounts  of  water  during  hot  dry  years. 

The  water  resources  of  the  Lower  Columbia  far  exceed  those 
of  any  other  stream  in  the  subregion.  Although  its  regimen  is 
affected  somewhat  by  the  precipitation  pattern,  melting  snow 
and  glacier  fields  in  the  Upper  Columbia  provide  for  well-sustained 
flows  throughout  the  summer  so  there  is  always  a considerable 

volume  of  water  in  the  main  stem.  < 

Average  annual  runoff  from  the  subregion  amounts  to  about 
24,971  cfs  (18  million  acre-feet).  The  mean  annual  runoff  for 
the  Columbia  River  at  its  mouth  is  239,677  cfs  (173  million  acre- 
feet)  . 


Surface-Water  Hydrology 

The  discharge  pattern  of  the  Lower  Columbia  Subregion  is 
characterized  by  minimum  flows  during  the  fall.  Peak  flows  of 
tributary  streams  occur  during  winter  and  early  spring  when 
Columbia  flows  are  lower.  Table  107  summarizes  monthly  discharge 
data  for  selected  stations. 
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From  the  standpoint  of  waste  discharge  control,  the  low- 
flow  months  of  July,  August,  September,  and  October  are  the  most 
important.  In  most  of  the  subregion,  August  is  the  critical 
month.  One-in-ten-year  low  flow  is  the  selected  recurrence 
frequency  designated  to  describe  critical  low  flows.  These  data 
for  selected  stations  are  presented  in  table  108. 


Fable  108  - One-in-Ten-Year  Low  Flows,  Subregion  8 1/  (12) 


Stream  and  Location 


Lewis  River  at  Ariel,  Washington 
East  Fork  Lewis  River  near  Heisson,  Washington 
Cowlitz  River  at  Packwood,  Washington 
Cispus  River  near  Randle,  Washington 
Toutle  River  near  Silver  Lake,  Washington 
Cowlitz  River  at  Castle  Rock,  Washington 
Llochomin  River  near  Cathlamet,  Washington 
Columbia  River  at  mouth 


One-in-Ten-Year 
Low  Flow 
(cfs) 

600 

44 

290 

270 

310 

2,200 

140 

120,000 


Period  of  1 month. 


v 
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Impoundments  and  Stream  Regulation 

The  Cowlitz  and  Lewis  Rivers  have  major  impoundments,  with 
Mayfield  and  Mossyrock  Dams  on  the  Cowlitz;  and  Merwin,  Yale,  and 
Swift  Dams  on  the  Lewis  River.  Although  the  reservoirs  are  pri- 
marily for  power  or  for  municipal  and  industrial  water  supply, 
considerable  flood  control  is  provided,  and  all  of  the  reservoirs 
are  used  for  recreation. 

The  effect  of  impoundments  on  water  quality  in  the  sub- 
region  is  not  considered  to  be  a major  problem  at  the  present 
time.  The  dams  are  relatively  new,  and  changes  that  may  be 
occurring  are  still  slight  enough  that  they  are  difficult  to 
detect.  Because  there  are  presently  no  major  waste  sources 
entering  the  streams  above  the  reservoirs,  there  have  been  few 
reports  of  poor  water  quality. 

Ground -Water  Characteristics 

Only  one  aquifer  unit  is  of  major  importance  in  the 
utilization  of  ground  water  in  Subregion  8.  Large  supplies  of 
good  quality  water  are  obtained  from  alluvial  deposits  which  form 
extensive  benches  and  terraces  in  western  Clark  County  and 
southern  Lewis  County.  Narrower  terraces  occur  elsewhere  along 
the  Lewis,  Cowlitz,  and  Columbia  Rivers.  Where  moderate  thick- 
nesses of  clean  sand  and  gravel  are  saturated,  they  will  often 
yield  over  500  gpm. 

Except  for  some  excessively  saline  water  from  marine  sedi- 
mentary strata,  the  water  is  of  excellent  quality.  Excessive 
iron  has  been  reported  in  some  alluvial  deposits  used  for  domestic 
purposes . 

> 

' A more  detailed  discussion  of  ground  water  in  Subregion  8 

is  presented  in  Appendix  V. 

Pollution  Sources 

The  municipal  and  industrial  waste  loadings  and  discharges, 
in  population  equivalents,  for  the  Lower  Columhia  Subregion  are 
summarized  in  table  109.  Included  in  the  table  are  those  waste 
sources  originating  in  the  Willamette  Subregion  but  discharging 
to  streams  in  the  Lower  Columbia  Subregion. 


Lower  Columbia  Subregion 
Number  of  facilities 


Population  served  50,140  4,450  28,160 

PE  untreated  70,940  4,850  31,230 

PE  treated  44,560  870  20,690 

X removal  efficiency  37  82  37 

Others  * 

Number  of  facilities  210 

Population  served  372,000  5,000 

PE  untreated  442,000  6,000 

PE  treated  295,000  3,000 

2 removal  efficiency  33  50 

Total 

Number  of  facilities  968 

Population  served  422,140  9,450  28,160 

PE  untreated  512,940  10,850  33,230 

PE  treated  339,560  3,870  20,890 

X removal  efficiency  34  65  37 


0 82,750 

0 109,020  3 ,265,000  32,000  12,500  3,309,500 

0 66,320  2,782,000  24,800  11,500  2,818,500 

19  15  23  8 15 


0 3 1 0 0 * 

377.000 

448.000  353,000  353,000 

298.000  353,000  353,000 

33  0 0 


0 2 3 7 12  7 

0 459,750 

0 557,020  3,618,000  32,000  12,500  1,662,500 

0 364,320  3,135,000  24,800  11,500  1.171,300 

35  14  23  8 14 


* Includes  wastes  produced  In  Willamette  Subregion  but  discharged  to  Columbia  River 
y EWPJA  inventory  of  Municipal  and  Industrial  Wastes,  Lower  Columbia  Subregion,  I9t>5. 


At  present,  municipalities  and  industries  discharging  to 
subregion  waterways  produce  wastes  equivalent  to  those  from  a 
population  of  about  4.22  million  persons.  Approximately  3,420,00C 
PE  originate  from  within  the  subregion  and  800,000  PE  from  the 
Willamette  Subregion.  Of  this  total,  75  percent  is  generated  by 
by  the  pulp  and  paper  industry,  13  percent  by  municipalities,  and 
the  remaining  12  percent  by  the  food-processing  and  miscellaneous 
industries . 

Waste  treatment  and  other  means  of  waste  reduction  decrease 
the  total  organic  load  to  the  subregion's  waters  by  about  16  per- 
cent, so  that  3.54  million  population  equivalents  actually  reach 
waterways.  Of  this  total,  about  364,000  PE  are  released  by 
municipalities,  and  3,171,000  PE  are  discharged  by  industries. 


Municipalities 


Approximately  82,750  persons,  or  38  percent  of  the  Lower 
Columbia  Subregion  population,  are  served  by  municipal  waste 
treatment  facilities.  Of  20  municipal  waste  sources,  only  five 
receive  secondary  treatment;  however,  several  of  these  facilities 
require  enlargement  or  replacement  to  handle  present  loads. 

Seven  primary  plants  are  provided  by  municipalities.  All  of  these 
must  convert  to  secondary  treatment  by  September  30,  1972,  to 
meet  minimum  requirements  of  Oregon  and  Washington  Water  Quality 
Standards.  Lagoons  are  used  by  eight  communities.  In  general, 
their  operation  has  been  satisfactory.  Three  municipal  facilities 


348 


discharge  significant  waste  loadings  from  the  Willamette  Subregion 
to  the  Lower  Columbia  River.  In  fact,  the  BOD  loading  released 
by  the  primary  plant  at  Portland,  Oregon,  is  four  times  that  from 
all  other  municipalities  in  the  Lower  Columbia  Subregion. 

Municipalities  in  the  Vancouver-Camas  Service  Area  dis- 
charge an  organic  waste  loading  of  about  36,000  PE.  The  City  of 
Vancouver  is  the  largest  individual  source,  releasing  about 
30,000  PE  from  a primary  treatment  plant  to  the  Columbia  River. 

The  facility  becomes  hydraulically  overloaded  even  during  periods 
of  light  rainfall  because  of  combined  sewers  within  the  city. 
During  this  period,  sewage  bypassing  directly  to  the  Columbia 
River  is  practiced.  Several  industries  also  discharge  effluent 
to  the  combined  sewers  after  some  type  of  screening.  The 
Washington  Water  Quality  Standards  have  listed  Vancouver  as 
needing  secondary  treatment,  outfall  extension,  elimination  of 
overflows,  and  improved  disinfection.  The  unincorporated  com- 
munity of  Hazel  Dell,  which  presently  operates  an  overloaded 
lagoon,  plans  to  connect  to  the  Vancouver  system.  Also,  within 
the  service  area,  Washougal  discharges  about  2,400  PE  to  the 
Columbia  River  after  treatment  in  lagoons.  Just  below  Washougal, 
along  the  Columbia  River,  the  City  of  Camas  releases  to  Camas 
Slough  about  3,300  PE  from  its  primary  treatment  plant. 

The  Longview-Kelso  Service  Area  accounts  for  a municipal 
waste  loading  of  about  28,000  PE  to  subregion  waterways.  The 
City  of  Longview  has  a primary  treatment  plant  that  needs  improve- 
ment and  recently  completed  a new  lagoon  to  relieve  a portion  of 
the  burden  of  the  primary  plant.  The  facilities  release  a com- 
bined waste  loading  of  about  18,000  PE  to  the  Columbia  River. 

Kelso  provides  primary  treatment  of  its  municipal  wastes,  which 
results  in  a discharge  of  about  8,400  PE  to  the  Coweeman  River, 
a small  tributary  of  the  Cowlitz  River. 

Several  municipal  facilities  in  the  Willamette  Subregion 
discharge  wastes  to  the  Columbia  River.  Included  are  the  efflu- 
ents from  the  Gresham  and  Portland  treatment  plants,  and  from  the 
sewage  treatment  plant  at  the  Portland  Airport.  Gresham  releases 
about  3,000  PE  to  the  Columbia  River.  During  the  food-processing 
season  from  July  to  September,  the  organic  load  discharged 
increases  to  about  12,000  PE.  The  Portland  Airport  (River  Mile 
110)  discharges  about  900  PE  to  the  Columbia  River.  The  City  of 
Portland  (River  Mile  105)  discharges  the  largest  municipal  waste 
load  to  the  Columbia  River--about  294,600  PE.  Expansion  of  the 
primary  plant  was  completed  in  1970.  Addition  of  secondary  treat- 
ment facilities  is  scheduled  to  be  completed  by  June  1,  1972. 

Most  other  communities  in  the  Lower  Columbia  Subregion  are 
relatively  minor  waste  sources.  In  general,  adequate  secondary 
treatment  or  lagoons  are  provided.  Only  the  towns  of  Kalama, 
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Woodland,  and  Ridgefield,  in  Washington,  and  Rainier,  Oregon, 
which  operates  primary  treatment  facilities,  have  less  than 
adequate  treatment. 

Industries 


The  pulp  and  paper  industry  is  the  major  pollution  source 
in  the  Lower  Columbia  Subregion.  At  present,  an  organic  loading 
equivalent  to  that  from  a population  of  3.14  million  persons  is 
discharged  by  the  industry  to  subregion  streams.  This  represents 
89  percent  of  the  total  organic  loading  for  the  subregion.  The 
1965  Lower  Columbia  River  Enforcement  Conference  concluded  that 
wastes  from  pulp  and  paper  mills  are  the  principal  source  of  the 
nutrient  material  required  for  slime  growth.  Also,  it  was  found 
that  wood  fibers  discharged  by  the  mills  added  strength  and  body 
to  the  slimes  and  made  them  more  difficult  to  remove  from  nets 
and  sport-fishing  gear.  Since  the  conference,  the  pulp  and  paper 
industry  has  taken  significant  measures  to  improve  the  situation, 
including  construction  of  primary  treatment  facilities  at  all 
mills  and  the  active  studying  of  chemical  recovery  and  treatment 
methods  by  mills  using  the  sulfite  process. 

A pulp  and  paper  corporation  at  Camas,  Washington,  produces 
paper  products  by  the  sulfate,  sulfite,  and  groundwood  pulping 
processes.  The  conventional  evaporation  and  burning  recovery 
system  is  utilized  for  the  sulfate  process.  Save-alls  are  used 
to  recover  usable  fibers  from  the  papermill  white  water.  Ground- 
wood  mill  effluents  are  reused  in  other  mill  operations.  Primary 
treatment  is  provided  to  reduce  the  amount  of  fibers  discharged 

by  the  mill.  About  24,500  lbs. /day  of  volatile  suspended  matter  j 

(VSM)  are  released  to  the  Columbia  River  from  the  facility.  I'he 

mill  presently  stores  spent  sulfite  waste  liquor  in  a lagoon  for  \ 

intermittent  disposal  (every  7th  day)  through  a submerged  outfall 

to  the  Columbia  River.  A total  organic  waste  loading  of  about 

1.65  million  PE  is  released  by  the  mill.  The  Washington  Water 

Quality  standards  and  the  1965  Lower  Columbia  River  Enforcement 

Conference  required  that  they  provide,  by  December  31,  1969,  the 

necessary  means  to  obtain  70  percent  reduction  in  BOD  loading 

presently  discharged  in  spent  sulfite  waste  liquor. 

A paper  company  at  Oregon  City,  Oregon,  presently  barges 
concentrated  spent  sulfite  waste  liquor  for  discharge  into  the 
Columbia  River  below  the  junction  of  the  Willamette  River  during 
the  critical  flow  season  in  the  Willamette,  usually  from  dune 
to  November.  This  represents  an  organic  waste  loading  of  355,000 
PE  to  the  Columbia  River.  The  Oregon  State  Sanitary  Authority 
reports  that  this  operation  is  to  be  discontinued  by  December  31, 

1969. 
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A company  at  Longview,  Washington,  operates  kraft,  ground- 
wood,  and  semi-chemical  pulping  processes  for  production  of  bleached 
and  unbleached  paper  products.  Normal  in-plant  control,  chemical 
recovery  procedures,  and  a primary  settling  facility  are  provided. 
The  mill  discharges  about  14,300  lbs/day  of  volatile  suspended 
matter  and  an  organic  loading  of  about  400,000  PE  to  the  Columbia 
River. 

A paper  company  at  Longview,  Washington,  produces  paper 
products  from  sulfate,  sulfite,  and  semi-chemical  pulping  processes. 
Normal  in-plant  fiber  and  chemical  recovery  methods  are  used. 

Primary  treatment  is  provided  for  partial  removal  of  settleable 
solids  and  the  BOD  loading.  The  facility  releases  about  17,700 
lbs. /day  of  volatile  suspended  matter  and  an  organic  loading  of 
750,000  PE  to  the  Columbia  River.  Frequent  releases  of  water 
containing  large  quantities  of  chlorine  occur  at  the  mill,  and 
fish  kills  have  resulted.  The  Washington  Water  Pollution  Control 
Commission  is  now  working  to  correct  this  problem. 

Small-scale  pulp  and  paper  operations  in  the  subregion 
include  a paper  company  and  a pulp  and  paper  company.  The  paper 
company  operates  a papermill  at  Longview,  Washington,  using  raw 
pulp  purchased  from  another  company.  The  effluent  from  the  plant 
is  treated  in  a primary  facility.  The  puli')  and  paper  company 
operates  a cottonwood  pulp  mill.  An  organic  waste  loading  of 
about  2,000  PE  is  discharged  directly  to  the  Cowlitz  River. 

Food-processing  wastes  are  seasonal  in  the  Lower  Columbia 
Subregion;  the  processing  period  for  most  of  the  fruits  and 
vegetables  is  July  through  September.  In  general,  no  treatment 
of  food-processing  wastes  is  provided.  Of  the  total  organic 
waste  load  of  52,000  PE  generated  by  the  food-processing  industry, 
only  a 23  percent  reduction  is  accomplished  before  discharge. 

' !n  addition,  a small  portion  of  the  wastes  is  discharged  to 

municipal  systems. 

Solid  wastes  are  collected  at  two  food-processing  plants 
in  Vancouver  by  use  of  sumps  and  screens,  and  are  disposed  of  on 
land.  The  liquid  wastes  pass  screens  and  are  then  discharged  to 
the  Columbia  River  through  submerged  outfall.  The  two  food 
processors  discharge  an  organic  loading  of  i'0,200  PF  during  the 
canning  period.  The  Washington  Water  Quality  Standards  require 
that  these  firms  be  intercepted  by  the  municipal  system  in 
Vancouver  by  September  30,  1972. 

Little  data  are  available  concerning  industrial  wastes 
from  the  three  aluminum-processing  plants  in  the  subregion. 

Depending  on  the  processes  employed,  the  wastes  may  be  high  in 
fluorides,  cyanides,  and  inorganic  solids,  ind  mav  be  of  a high 
temperature. 
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An  aluminum  company  at  Troutdale,  Oregon,  is  in  the 
Willamette  Subregion,  but  waste  waters  from  the  plant  are  dis- 
charged into  waters  of  the  Lower  Columbia  Subregion.  Industrial 
wastes  from  the  plant  are  discharged  into  two  small  ponds  before 
entering  the  Columbia  River.  These  ponds  tend  to  reduce  the 
temperature  and  remove  settleable  solids  and  oils.  However,  the 
apparent  absence  of  fish  life  in  these  ponds,  which  are  connected 
directly  to  the  river  through  an  open  creek,  indicates  some 
toxicity. 

An  aluminum  company  at  Vancouver  operates  a small  lagoon 
for  settleable  solids  and  oil  removal.  Fluoride  concentrations 
in  the  industrial  effluent  are  above  80  mg/1,  and  large  quantities 
of  cooling  water  are  released  to  the  Columbia  River.  The 
Washington  Water  Quality  Standards  list  the  facilities  as  in  need 
of  modification  or  expansion  by  September  30,  1969. 

A metal  company  at  Longview  has  experienced  problems  with 
cyanides  in  its  industrial  effluent.  The  Washington  Krater 
Pollution  Control  Commission  requires  that  cyanides  be  removed 
to  an  acceptable  level  by  September  30,  1969. 

Other  industrial  wastes  of  minor  importance  include  wash- 
ings from  grain  elevators,  forest  products  plants,  woolen  mills, 
and  dairies.  In  general,  these  industries  provide  adequate 
treatment  of  their  wastes. 


Rural-Domestic 

Approximately  157,500  persons  or  62.4  percent  of  the  Lower 
Columbia  Subregion's  population,  are  served  by  individual  sewage 
disposal  systems.  In  general,  septic  tanks  and  some  type  of  sub-  i 

surface  disposal  are  used  by  the  rural-domestic  population.  The 
actual  waste  load  reaching  waterways  is  not  considered  to  be 
large . 


The  only  known  problem  area  associated  with  the  rural- 
domestic  population  is  the  discharge  of  untreated  domestic  wastes 
from  houseboats  along  the  Columbia  River  and  several  tributaries. 
On  the  Columbia  River  in  the  Port land-\ ancouver  area  there  are 
about  500  houseboats.  This  represents  a population  of  between 
500  and  1,000  persons.  An  additional  area  of  houseboat  concentra- 
tion is  at  the  confluence  of  the  Lewis  River  with  the  Columbia. 
About  25  houseboats  arc  in  this  area.  The  measurable  organic  and 
chemical  pollution  load  from  the  houseboats  is  relatively  small 
when  compared  with  the  total  pollutional  load  discharged  from  all 
source--.  However,  aesthetic  nuisance  conditions  resulting  from 
• 1-  iting  materials  and  health  hazards  from  pathogenic  organisms 
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are  considered  to  be  the  significant  pollutional  factor  involved. 
The  Oregon  State  Sanitary  Authority  and  the  Washington  Water 
Pollution  Control  Commission  are  actively  working  on  programs  to 
l eliminate  this  problem. 
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Navigation  and  Dredging 

Use  of  the  Columbia  River  for  navigation  has  a degrading 
effect  unless  proper  control  measures  are  taken.  Dredging  mater- 
ials from  navigation  channels  and  dock  facilities  often  cause 
turbidity.  When  bottom  materials  are  high  in  organics,  oxygen 
depressions  are  also  experienced.  Dredging  material  is  sometimes 
redeposited  in  other  areas  of  the  Columbia,  creating  similar 
problems.  A policy  of  land  disposal  of  dredging  materials  could 
ease  the  problem. 

Another  problem  created  by  navigation  is  the  discharge  of 
untreated  sewage  from  many  large  ships  using  the  river.  Occasion- 
ally oceangoing  ships  pump  bilge  water  containing  large  quantities 
of  oil  into  the  river.  The  GPA,  WQO  Pacific  Northwest  Water 
Laboratory  is  currently  studying  this  problem. 

Others 

Irrigation,  agricultural  animals,  land  use,  recreation, 
and  natural  sources  represent  relatively  minor  sources  of  pollu- 
tion in  the  Lower  Columbia  Subregion. 


Present  Water  Qua  1 i ty 

Only  a relatively  small  amount  of  data  has  been  collected 
for  most  reaches  of  the  Lower  Columbia,  since  quality  monitoring 
agencies  have  budgetary  limitations,  and  the  Columbia  River  lies 
between  two  states.  However , the  state  agencies  have  an  ambitious 
water  quality  monitoring  program  for  intrastate  streams.  Also, 
i;  conjunction  with  State  Water  Quality  Standards,  both  Washington 
and  Oregon  have  now  begun  regular  sampling  programs  on  the  Columbia. 

There  are  many  conflicts  among  analyses  from  different 
agencies  at  comparable  stations  along  the  river.  This  is  especi- 
ally evident  with  respect  to  iron,  phosphate,  and  nitrogen 
analyses  and  may  be  due  to  sampling  or  analytical  techniques. 

In  the  future,  efforts  should  be  made  to  resolve  such  differences, 
lor  the  resent,  inferences  must  be  made  from  the  existing  data. 

rhe  Columbia'  discharge  ranks  it  as  the  fourth  largest 
river  in  North  America,  and  provides  ample  dilution  capacity  to 


absorb  impacts  from  its  somewhat  sparsely  developed  basin  with 
few  significant  changes  in  water  quality  characteristics.  The 
waters  of  the  Lower  Columbia  are  generally  good  from  the  stand- 
point of  dissolved  oxygen,  color,  turbidity,  hardness,  dissolved 
solids,  biochemical  oxygen  demand,  and  radioactivity.  Problems 
do  occur  in  some  reaches  and  seasons  with  respect  to  temperature, 
nutrient  levels,  and  bacterial  and  biological  contamination. 
Recently,  concern  has  been  raised  concerning  supersaturation  of 
nitrogen  as  a significant  problem  affecting  fisheries. 


Main  Stem  Columbia  River 

The  dissolved  oxygen  in  all  reaches  of  the  Columbia  River 
from  Bonneville  Dam  to  the  mouth  averages  well  above  saturation, 
as  shown  in  figure  7.3.  The  Oregon  State  Water  Quality  Standards 
provide  that  no  wastes  which  cause  dissolved  oxygen  levels  to  fall 
below  90  percent  of  saturation  shall  be  discharged  to  the  Columbia 
River.  This  condition  is  generally  satisfied  throughout  the 
length  of  the  Lower  Columbia.  The  dissolved  oxygen  levels  average 
above  9 mg/1  D.O.  at  all  stations  on  the  main  stem,  and  the  mini- 
mum levels  are  above  6.5  mg/1  D.O.  Figure  74  shows  a mean 
Columbia  River  dissolved  oxygen  profile. 

Data  for  the  Lower  Columbia  Rit'er  show  generally  low  BOD 
levels.  FWPCA  Water  Surveillance  Stations  at  Bonneville  Dam 
and  Clatskanie  show  average  5-day  BOD  values  of  1.1  and  1.5  mg/1 
at  River  Miles  145.5  and  53.5,  respectively.  These  low  values, 
coupled  with  the  generally  satisfactory  dissolved  oxygen  levels, 
indicate  that  BOD  levels  are  not  of  problem  proportions. 

Coliform  data  for  relatively  few  stations  on  the  Lower 
Columbia  River  are  available.  Figure  75  shows  a mean  coliform 
profile  of  the  river.  Oregon  and  Washington  State  Water  Quality 
Standards  require  that  average  coliform  counts  shall  not  exceed 
740/1 0D  ml  between  the  Oregon-Washington  boundary  and  the  Inter- 
state Bridge  at  Portland;  and  shall  not  exceed  1,000/100  ml  from 
the  Interstate  Bridge  to  the  mouth  of  the  Columbia  River.  Avail- 
able data  show  that  the  standards  are  met  above  the  bridge  but 
that  coliform  counts  downstream  from  the  Interstate  Bridge  are 
usually  far  in  excess  of  1,000/100  ml.  The  increase  in  coliform 
counts  is  attributed  to  domestic  waste  effluents  in  the  Portland- 
Vancouver  area. 


Maintaining  adequate  temperature  levels  is  one  of  the  most 
significant  problems  coimlicating  water  resource  management  of  the 
Columbia  River  today  and  will  grow  in  importance  as  thermal  power- 
plants  are  built.  Flcvated  temperatures  have  detrimental  effects 
on  salmonid  fisheries  which  make  up  a significant  portion  of  the 
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economic  resource  of  the  Columbia  Basin.  For  protection  of  anadro- 
mous  fish  migration,  the  Oregon  and  Washington  temperature  standards 
for  the  Columbia  River  permit  no  measurable  increases  in  river 
temperatures  from  other  than  natural  sources  when  such  river 
temperatures  are  68°F.  (20°C.)  or  above.  Figure  76  presents  a 
temperature  profile  of  the  Lower  Columbia  River  for  the  critical 
months  of  July,  August,  and  September.  Figure  77  shows  the  mean 
yearly  variation  in  water  temperatures  at  three  stations  along  the 
river.  Figures  76  and  77  show  that  summer  water  temperatures  in 
the  Columbia  River  exceed  the  state  standards  from  Bonneville  Dam 
to  the  mouth. 

High  levels  of  nutrients  and  trace  elements  contribute  to 
nuisance  sphaerotilus  growths  in  the  Lower  Columbia  River. 

Figure  78  shows  nutrient  and  trace  element  levels  for  the  Lower 
Columbia  River.  The  concentrations  of  all  of  these  factors  are 
above  limiting  values  for  either  algal  or  sphaerotilus  growths. 

The  high  levels  contribute  to  the  we  1 1 -documented  sphaerotilus 
problem  in  the  reaches  between  Camas  and  Astoria.  The  pulp  mill 
wastes,  together  with  favorable  temperatures,  currents,  and 
nutrient  levels,  provide  ideal  ecological  conditions  for  such 
sphaerotilus  growths. 

The  potential  for  abnormally  high,  and  perhaps  even  harm- 
ful, levels  of  radioactivity  in  the  Columbia  River,  exists 
primarily  as  a consequence  of  discharges  of  the  Hanford  Atomic 
Works  upstream  from  Richland,  Washington.  Levels  of  activity  to 
date  have  not  approached  the  danger  level;  and  continuous  moni- 
toring by  AEC  and  Battelle  Northwest,  supplemented  by  the  states 
of  Washington  and  Oregon  and  FWPCA,  will  provide  adequate  warning 
if  a hazard  develops. 

Supersaturated  levels  of  dissolved  nitrogen  as  high  as 
140  percent  have  recently  been  reported  by  the  Bureau  of  Commercial 
Fisheries.  The  condition  persists  all  along  the  Columbia  River 
from  Grand  Coulee  Dam  to  the  mouth  and  presents  a threat  to  migra- 
tory salmonids.  The  supersaturation  phenomenon  is  not  well  under- 
stood as  yet,  and  no  specific  limits  have  been  set  for  dissolved 
nitrogen  in  State  Water  Quality  Standards.  Any  amount  of  nitrogen 
in  excess  of  saturation  may  present  a threat  to  migratory  fish. 

The  main  stem  of  the  Columbia  River  shows  relatively  little 
variation  in  chemical  quality  in  the  reach  from  The  Dalles  Dam 
tothe  estuary.  The  average  dissolved  solids  content  of  sample 
collected  at  The  Dalles  Dam  since  1958  is  about  114  mg/1.  Bel 
Portland,  Oregon,  the  dissolved  solids  content  of  the  Colum'  i 
shows  a slight  decrease.  The  Willamette,  Cowlitz,  and  lew 
Rivers  have  a combined  average  flow  of  about  2D  percent  • •• 
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total  flow  of  the  Columbia  River  and,  being  less  mineralized 
than  the  Columbia  River,  tend  to  slightly  decrease  the  average 
solute  concentration  of  the  river. 

A sal inity  study  in  the  Columbia  River  made  by  the  Corps  of 
Engineers  in  1959  indicated  that  saltwater  intrusion  reaches  at 
least  16  miles  upstream  from  the  mouth,  and  recent  studies  by 
Oregon  State  University  indicate  that  the  distance  might  be  23 
miles.  The  maximum  penetration  of  salt  water  was  found  during 
periods  of  low  river  flow. 


Tributaries 


The  major  tributaries  in  the  Lower  Columbia  Subregion  are 
the  Washougal,  Lewis,  Kalama,  Cowlitz,  and  Willamette  Rivers. 

With  the  exception  of  the  Willamette  River,  which  will  be  dis- 
cussed in  the  section  on  Subregion  9,  the  overall  effect  of  the 
tributaries  on  the  quality  of  the  Main  Stem  Columbia  is  slight. 
Table  110  presents,  for  selected  stations,  a summary  of  physical, 
chemical,  and  bacteriological  parameters  important  to  water 
quality  control. 

The  major  tributaries  originate  on  the  west  slopes  of  the 
Cascade  Range.  Most  of  this  area  is  underlain  by  volcanic  rocks 
which  are  resistant  to  solution.  Consequently,  all  of  the 
streams  are  low  in  dissolved  minerals.  The  total  dissolved  solids 
concentrations  of  the  water  of  most  streams  average  less  than  50 
mg/1,  and  the  average  hardness  is  usually  less  than  20  mg/1. 
Calcium  and  bicarbonate  are  the  predominant  dissolved  ions.  The 
maximum  dissolved  solids  concentration  is  usually  less  than  100 
mg/1. 


Many  streams  are  turbid  at  certain  times  of  the  year, 
requiring  treatment  before  the  waters  can  be  used  for  an  industrial 
or  a public  supply.  The  Cowlitz  River  is  nearly  always  milky 
in  appearance  because  of  silt  associated  with  the  glaciers  of 
Mt . Rainier,  Mt.  St.  Helens,  and  Mt . Adams.  The  Lewis  River  is 
less  turbid  because  it  drains  only  the  southeast  side  of 
Mt.  St.  Helens  and  part  of  the  west  side  of  Mt . Adams. 

Dissolved  oxygen  concentrations  are  satisfactory  in  most 
tributaries.  Mean  dissolved  oxygen  levels  are  generally  above 
10  mg/1.  However,  in  the  Coweeman  River  the  dissolved  oxygen 
level  is  depressed  below  6 mg/1  upstream  from  the  Kelso  sewage 
treatment  plant  during  the  summer  low-flow  period.  The  oxygen 
level  below  the  treatment  plant  may  be  considerably  lo  er. 
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Observed  coliform  densities  indicate  that  few  organisms 
re  the  general  rule.  Coweeman  River  is  also  the  only  stream 
exhibiting  median  coliform  densities  above  the  limit  of  1,000 
organisms/100  ml . 


Summary  of  Problems 


A graphical  summary  of  water  quality  problem  areas  in  the 
Lower  Columbia  Subregion  is  presented  in  figure  86.  Most  problems 
in  the  Lower  Columbia  River  occur  below  the  Vancouver-Camas  and 
Portland  Service  Areas.  However,  the  high  water  temperatures 
and  supersaturated  dissolved  nitrogen  concentration  are  conditions 
that  persist  throughout  the  Upper  and  Mid-Columbia,  as  well  as 
the  Lower  Columbia  River. 

The  summer  temperature  levels  of  the  Columbia  River  are 
above  recommended  limits  for  fish  migration.  While  high  water 
temperatures  in  the  Columbia  River  are  primarily  from  natural 
causes,  the  Hanford  Atomic  Works  discharges  large  quantities  of 
waste  heat. 

The  Columbia  River  contains  supersaturated  levels  of  dis- 
solved nitrogen  gas,  which  causes  gas-bubble  disease  in  fish. 

The  supersaturation  phenomenon  is  not  well  understood  as  yet, 
especially  its  persistence  throughout  the  Lower  Columbia. 

For  more  than  25  years  the  quality  of  the  Lower  Columbia 
River  has  been  adversely  affected  by  slime  growths  which  flourish 
periodically.  The  slime  is  a biological  mass  combined  with  vary- 
ing amounts  of  fiber,  debris,  and  sand.  Wastes  from  the  pulp 
and  paper  industry  are  primarily,  but  not  wholly,  responsible  for 
the  slime  problem.  Nutrients  from  municipal  sewage  also  contribute 
to  the  problem.  Nets  become  coated  with  these  slime  masses,  and 
commercial  fishermen  must  frequently  cease  fishing  to  clean  them 
or  be  highly  selective  in  placing  them.  Sport  fishing  and  other 
forms  of  water-contact  recreation  have  also  been  adversely  affec- 
ted by  the  slime  growths. 

The  bacteriological  quality  of  the  Columbia  River  below 
the  Interstate  Bridge  between  Portland  and  Vancouver  exceeds  the 
limits  specified  in  the  Oregon  and  Washington  Water  Quality 
Standards.  Inadequately  treated  municipal  wastes  from  the 
Portland  and  Vancouver  sewage  treatment  plants  are  the  major 
cause  of  the  problem.  Raw  domestic  sewage  from  houseboats, 
pleasure  boats,  and  ships  is  also  presently  discharged  to  the 
Lower  Columbia.  These  wastes  probably  do  not  contribute  signifi- 
cantly to  the  high  coliform  levels,  but  they  do  constitute  a 
health  hazard  from  pathogenic  organisms  and  a nuisance  condition 
resulting  from  floating  materials. 
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Inadequately  treated  municipal  wastes  from  the  City  of 
Kelso,  agricultural  runoff,  and  drainages  from  sloughs  contribute 
to  low  dissolved  oxygen  levels,  bacteriological  problems,  and 
nuisance  aesthetic  conditions  in  the  Coweeman  River. 


FUTURE  WATER  QUALITY  MANAGEMENT  NEEDS 

Based  on  the  projected  economic  development  of  the  Lower 
Columbia  Subregion,  the  population  is  expected  to  increase  from 
220,250  in  1965  to  414,300  in  2020.  This  is  an  increase  of  100 
percent  for  the  subregion  compared  with  121  percent  for  the  region. 

Figure  87  shows  the  projected  subregion  and  service  area 
populations  for  years  1980,  2000,  and  2020.  Municipal  and  rural 
population  projections  are  tabulated  in  table  111.  By  2020,  over 
one-half  of  the  subregion's  population  is  expected  to  be  located 
in  the  Vancouver-Camas  Service  Area.  The  Longview-Kelso  Service 
Area  will  account  for  over  25  percent. 

Table  111  - Projected  Population,  Subregion  8 1/ 


j 

• 

i 

1980 

2000 

(thousands) 

2020 

1 

| 

Vancouver-Camas  Service  Area 

119.3 

163.6 

223.7 

Municipal 

91.7 

149.9 

223.7 

Rural 

27.6 

13.7 

-- 

Longview-Kelso  Service  Area 

60.4 

79.8 

109.2 

Municipal 

48.9 

73.9 

109.2 

Rural 

11.5 

5.9 

-- 

y 

Other 

75.2 

81.0 

81.4 

i ' 

Municipal 

16.0 

21.6 

25.5 

Rural 

59.2 

59.4 

55.9 

j 

Total  Subregion 

254.9 

324.4 

414.3 

< 

Municipal 

156.6 

245.4 

358.4 

Rural 

98.3 

79.0 

55.9 

\J  Derived  from  Economic  Base  and  Projections,  Appendix  VI, 

Columbia-North  Pacific  Framework  Study,  January  1971  and  from 
North  Pacific  Division  Corps  of  Engineers  data.  Differences 
between  totals  in  this  table  and  source  are  due  to  differences 
in  subregion  boundaries.  The  source  is  based  on  economic 
boundaries  and  this  table  is  based  on  hydrologic  boundaries. 
The  municipal  population  is  defined  as  that  population  dis- 
charging wastes  to  a municipal  sewerage  system.  The  rural 
population  is  defined  as  the  residual. 
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FIGURE  87.  Projected  Population,  Subregion  8 


Industrial  development  in  the  future  will  continue  to  be 
based  on  the  subregion's  abundant  forest  resources.  All  water 
using  industries  except  lumber  and  wood  products  industry  are 
expected  to  at  least  double  production  by  2020.  The  pulp  and  paper 
industry  will  continue  to  remain  the  largest  producer  of  organic 
waste.  Aluminum  will  lead  in  the  production  of  primary  metals. 


Future  Waste  Production 

Municipal 

The  projected  municipal  r„w  waste  production  for  the  Lower 
Columbia  Subregion  is  presented  in  table  112.  The  population 
served  by  municipal  waste  collection  and  treatment  systems  is 
expected  to  increase  from  56  percent  in  1965  to  87  percent  by  the 
year  2020.  It  has  been  assumed  that  the  entire  populations  of  the 
two  service  areas  will  be  served  by  municipal  systems  at  that  time 

Table  112  - Projected  Municipal  Raw  Organic  Waste  Production 

Subregion  8 1 J 


1970 

1980 

(1,000 

2000 
's  P.E.) 

2020 

Vancouver-Camas  Service  Area 

69.4 

114.6 

187.4 

279.6 

Longview-Kelso  Service  Area 

46.8 

61.1 

92.4 

136.5 

Other 

18.0 

20.0 

27.0 

31.9 

TOTAL  SUBREGION 

134.2 

195.7 

306.8 

448.0 

1/  A factor  of  1.25  was  applied  to  the  municipal  population  com- 
ponents to  account  for  the  effects  of  small  commercial  estab- 
lishments and  other  urban  activities  which  add  to  municipal 
waste  loads. 

The  service  areas  are  expected  to  produce  93  percent  of 
the  subregion's  municipal  waste  loading  in  2020  as  compared  with 
90  percent  in  1965. 


Industrial 

Projected  raw  organic  waste  loadings  for  the  major  industrial 
categories  are  presented  in  table  113  for  the  years  1980,  2000, 
and  2020.  By  the  end  of  the  projection  period,  it  is  expected  that 
industries  will  contribute  approximately  93  percent  of  the  sub- 
region's total  organic  waste  loading.  The  pulp  and  paper  industry 
will  continue  to  be  the  largest  organic  waste  source,  contributing 
approximately  98  percent  of  the  industrial  waste  production.  The 
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aluminum  industry  will  be  the  major  source  of  inorganic  fluorides, 
cyanides,  and  inorganic  solids;  these  discharges  may  be  of  a high 
temperature. 
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Table  113  - Projected  Industrial  Raw  Organic  Waste  Production 

Subregion  8 1 ] (5)  (17) 


1970 

1980 

(1 ,000 's 

2000 

P.E.) 

2020 

Pulp  and  Paper 

3,726.7 

4,650.0 

6,780.0 

7 , 440 . ( 

Food  Products 

37.3 

48.0 

69.0 

95. ( 

Other 

12.2 

11.5 

12.0 

12.! 

TOTAL 

3,776.2 

4,709.5 

6,861.0 

7,547.! 

\j  Base  data  from  FWPCA  Inventory  of  Municipal  and  Industrial 


Wastes,  Lower  Columbia  Subregion,  1965. 

Generally,  increases  in  waste  production  will  occur  from 
expansion  of  existing  operations  for  most  industries. 


Rural-Domestic 

- 

■ The  projected  rural-domestic  waste  production  is  summarized 

in  table  114  for  the  years  1980,  2000,  and  2020.  The  rural- 
domestic  waste  production  was  assumed  to  be  equal  to  the  rural 
population  component  shown  in  table  111.  The  rural  domestic  waste 
production  is  expected  to  significantly  decrease  during  the 
projection  period. 


Table  114  - Projected  Rural  Domestic  Raw  Organic  Waste  Production, 

Subregion  8 


1970  1/ 

1980  2000 

( 1 ,000 's  P.E.) 

2020 

TOTAL  SUBREGION 

124.4 

98.3  79.0 

55.9 

1/  Interpolated  from  1965  data  and  1980  projections. 


j 


Irrigation 

In  1966,  there  were  approximately  18,000  acres  of  land 
irrigated,  requiring  an  annual  farm  delivery  of  approximately 
27,000  acre-feet  from  surface  and  ground-water  sources.  Irrigated 
acreage  is  projected  to  increase  to  60,000  acres  by  1980,  70,000 
acres  by  2000,  and  100,000  acres  by  2020.  The  farm  delivery 
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requirement  is  expected  to  increase  from  27,000  acre-feet 
annually  in  1966  to  220,000  acre-feet  annually  by  2020. 


Other  Land  Uses 

Projections  of  land  use  in  the  subregion,  by  major  types 
of  land  are  shown  in  table  115. 


Table  115  - Present  and  Projected  Land  Use,  Subregion  8 (5) 


1966 

1980 

(thousands 

2000 
of  acres) 

2020 

Land  Use 

Cropland 

201 

176 

145 

134 

Irrigated 

(17) 

(54) 

(66) 

(98) 

Nonirrigated 

(184) 

(122) 

(79) 

(36) 

Forest 

2,665 

2,652 

2,649 

2,618 

Range  1/ 

68 

65 

60 

60 

Other  2/ 

259 

282 

312 

344 

Total 

3,193 

3,175 

3,166 

3,156 

1 J Does  not  include  forest  range. 

2/  Includes  barren  land,  roads,  railroads,  small  water  areas, 
urban  and  industrial  areas,  farmsteads,  etc. 

The  urban  dwellers  as  well  as  the  farmers  of  the  area  use 
increasing  amounts  of  petroleum  products,  fertilizing  minerals, 
and  toxic  substances  such  as  organic  and  inorganic  pesticides. 
These  constituents  carried  in  the  water  draining  from  the  land 
could  result  in  significant  water  quality  degradation. 

Agricultural  Animals 

Farm  animals  produce  large  amounts  of  waste.  The  raw 
organic  waste  production  by  the  livestock  population  in  the  sub- 
region  is  expected  to  be  equivalent  to  that  from  a population 
of  1,500,000  in  1980,  2,300,000  in  2000,  and  3,100,000  in  2020. 
This  would  account  for  approximately  28  percent  of  the  total  raw 
organic  waste  production  for  the  subregion  by  2020.  Most  of  this 
waste  remains  on  the  land;  however,  rains  and  irrigation  water 
flush  part  of  it  into  streams. 

It  is  expected  that  a higher  percentage  of  the  cattle  will 
be  on  feedlots  by  the  year  2020  than  at  present.  Dairies,  feed- 
lots,  and  other  animal  concentrations  along  streams  cause 
accelerated  erosion  as  well  as  intensifying  the  potential  coliform 
bacteria,  nutrients,  and  biochemical  oxygen  demand  in  the  water. 
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Recreation 

The  projected  raw  waste  production  by  recreation  activities 
in  the  subregion  are  summarized  as  follows: 


Year 

Population  Equivalents  1/ 

1970 

31,000 

1980 

43,000 

2000 

77,500 

2020 

143,000 

If  Bureau  of  Outdoor  Recreation  and  U.S.D.A.  Forest  Service 
Projections  for  total  man  recreation  days  (TMRD) . 

In  the  determination  of  wastes  from  recreation  activities,  the 
population  equivalent  is  based  on  the  total  annual  recreation 
days.  The  above  values  represent  the  daily  raw  waste  production 
for  a typical  summer  weekend. 

Other  Factors  Influencing  Quality 

i 

Thermal  powerplants  are  producers  of  large  quantities  of 
waste  heat  and  if  discharged  to  the  surface  waters,  the  quality 
of  the  water  is  affected.  Warm  waters  are  unsuitable  for  fish 
passage  and  increase  the  rate  of  algal  production. 

A nuclear  powerplant  is  under  construction  in  the  Rainier 
area;  however,  the  heat  is  not  permitted  to  be  discharged  to 
surface  waters.  Cooling  towers,  evaporating  pond  or  some  means 
must  be  employed  to  cool  the  water  if  returned  to  the  Columbia 
River.  In  addition,  a danger  of  accidental  release  of  radioactive 
i materials  to  thi  environment  exists. 


Quality  Goals 

Washington  and  Oregon  have  established  water  quality 
standards  for  both  intrastate  and  interstate  waters.  These 
standards  are  the  basis  for  the  water  quality  goals  in  this  study. 

In  establishing  the  water  quality  standards,  each  stream 
was  classified  as  to  its  intended  use  and  criteria  set  to  protect 
these  uses  through  quality  levels  which  must  be  maintained.  In 
addition,  the  standards  incorporate  an  anti-degradation  provision 
by  requiring  that  waters  whose  existing  quality  is  better  than 
the  established  standards  be  maintained  at  the  existing  higher 
quality  level.  This  means  that  the  highest  and  best  treatment 
under  existing  technology  should  be  applied  to  all  waste  discharges. 
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The  common  parameters  generally  used  are  dissolved  oxygen 
concentrations,  temperature,  turbidity,  and  coliform  density. 

The  water  quality  standards  are  summarized  in  table  116. 

Table  117,  taken  from  the  Washington  Water  Quality 
Standards,  shows  the  water  classification  and  use  of  major 
streams  in  the  subregion. 


Table  116  - Water  Classification  and  Criteria, 
Subregion  8 (Washington) 


Water  Quality 
Parameters 


Class  AA 
Extraordinary 


Class  A 
Excellent 


Class  B 
Good 


Coliform 
Dissolved  oxygen 
Temperature* 
pH 

Turbidity 
Aesthetic  values 


50  MPN 
9.5  mg/1 
60°F . 

6. 5-8. 5 
5 JTU 


240  MPN 
8.0  mg/1 
65°F . 

6. 5-8. 5 
5 JTU 


1,000  MPN 
6.5  mg/1 
70°F . 

6. 5-8. 5 
10  JTU 


Shall  not  be  impaired  by  the  presence  of 
materials  or  their  effects,  excluding  those 
of  natural  origin,  which  offend  the  sense 
of  sight,  smell,  touch,  or  taste. 


i 


*For  all  classes,  the  permissible  increase  in  temperature  over 
natural  conditions  is  less  than  1.8°F. 


Water  Quality  Criteria,  Subregion  8 (Oregon) 


Coliform 
Dissolved  oxygen 
Temperature 
pH 

Turbidity 


240/100  ml 

90%  low  flow  and  95%  during  spawning. 

2°F.  increase  below  56°F. 

7.0  to  8.5 

10%  increase  when  natural  turbidity  is  over 
30  JTU;  below  30  JTU,  no  increase. 


MEANS  TO  SATISFY  DEMANDS 

Preserving  water  quality  in  the  Lower  Columbia  Subregion 
to  adequately  support  the  river  system's  function  will  require  a 
coordinated  program  of  waste-controlling  techniques,  and  develop- 
ment of  a system  of  cooperative  management  of  the  subregion  for 
pollution  control.  The  attainment  of  adequate  water  quality  will 
require  an  efficient,  adequately  staffed,  and  funded  water  quality 
management  system  for  attacking  the  water  pollution  problem. 


366 


Waste  Treatment 


Future  Waste  Discharges 


Water  quality  control  in  the  subregion  is  largely  dependent 
on  providing  adequate  municipal  and  industrial  waste  treatment. 

If  additional  requirements  and  actions  become  necessary  to  attain 
the  desired  quality  levels,  the  standards  and  implementation  will 
have  to  be  revised  accordingly. 


Table  117  - Water  Classification  and  Use,  Subregion  8 (15) 


AA  - Extraordinary 
A - Excellent 
L - Light 
M - Moderate 
H - Heavy 


Watercourse 


Cowlitz  River  from  mouth  to  Glfturd  • 
Forest  boundary 


Toutle  River  from  mouth  to  Greer.  Fi.er 


Toutle  River  (North  Fork)  t roe  . --.rs  A 


Green  River  from  mouth  to  headwaters* 


South  Fork  of  Toutle  River  from  mouth  to  headwaters 


Coweeman  River  from  mouth  to  Mulholland  1 reek 


Coweeman  River  from  Mulholland  Creek  to  headwaters 


Kalama  River  from  mouth  to  Lower  Kalama  River  Falls 


Kalama  River  from  Lower  Kalama  River  to  headwaters 


Lewis  River  from  mouth  to  Merwin  Dam 


East  Fork  of  Lewis  River  from  mouth  to  Multon  Falls 


East  Fork  of  Lewis  River  from  Multon  Falls  to  headwaters 


Washougal  River 


Grays  River  from  mouth  to  Grays  River  Falls 


Grays  River  from  Grays  River  Falls  to  headwaters 


Elochoman  River 


Present  - Future 

Commercial  & Game  Fish 
Salmonid 
Migration 
Rearing 
Spawning 
Warm  Water  Fish 
Rearing 
Spawning 
Shellfish 

Wildlife 

P 

H H H L L M 

M 

F 

H H H L L M 

M 

P 

H H H 

H 

F 

H H H 

H 

P 

H H H L 

H 
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H H H L 

H 
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H H H L 
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H H H L 
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HHH  L 
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Based  on  the  treatment  levels  described  in  the  Regional 
Summary  and  on  raw  waste  projections  presented  earlier,  the 
projected  municipal  waste  loadings  to  be  discharged  to  the  waters 
are  shown  in  table  118.  The  industrial  waste  loadings  for  major 
industrial  categories  are  presented  in  table  119.  The  total 
municipal  and  industrial  organic  waste  discharge  is  expected  to 
be  735,800  PE  in  1980,  716,700  PE  in  2000,  and  799,600  PE  in 
2020. 

Table  118  - Projected  Municipal  Organic  Waste  Discharges, 

Subregion  8 


(1,000’s  P.E.j 


Vancouver-Camas  Service  Area  17.2 
Longview-Kelso  Service  Area  9.2 
Other  3.0 
TOTAL  SUBREGION  29.4 


Table  119  - Projected  Industrial  Organic  Waste  Discharges, 

Subregion  8 


(1,000's  P.E.) 

Pulp  and  Paper 

697.5 

678.0 

Food  Products 

7.2 

6.9 

By  2020,  approximately  63  percent  of  the  municipal  waste 
loading  in  the  subregion  is  expected  to  be  from  the  Vancouver- 
Camas  Service  Area.  The  Longview-Kelso  Service  Area  will  account 
for  an  additional  30  percent.  The  pulp  and  paper  industry  will 
be  the  largest  industrial  discharger  of  organic  waste  material, 
discharging  approximately  93  percent  of  the  subregion's  organic 
waste  to  the  surface  waters. 


Treatment  Costs 

Curves  showing  estimated  costs  of  constructing  (total 
capital)  and  operating  (annual  operation  and  maintenance)  munici- 
pal sewage  treatment  plants  foT  various  treatment  levels  are 
presented  in  the  "Means  to  Satisfy  Demands"  section  of  the 
Regional  Summary. 
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Other  Pollution  Control  Practices 


i 


Some  of  the  water  quality  problems  of  the  Lower  Columbia 
Subregion  are  beyond  the  reach  of  conventional  waste  treatment  and 
flow  regulation.  Solution  to  the  problems  is  not  as  clear-cut 
but  is  just  as  important  in  maintaining  water  quality. 

Wastes  from  pulp  and  papermills  are  the  principal  source  of 
nutrient  material  required  for  slime  growths  according  to  the  196S 
Lower  Columbia  River  Enforcement  Conference.  The  pulp  and  paper 
industry  has  taken  significant  measures  to  improve  the  situation 
including  construction  of  primary  treatment  facilities  at  all  mills 
and  the  active  studying  of  chemical  recovery  and  treatment  methods 
by  mills  using  the  sulfite  process.  Continued  surveillance  is 
necessary  to  assure  the, methods  are  employed  for  nutrient  removal 
in  the  discharges. 

Future  power  demands  are  dictating  the  need  for  thermal 
powerplants  to  be  constructed.  Excess  heat  will  not  be  discharged 
to  the  rivers.  Themal  powerplants  will  be  required  to  cool  waste 
water  before  discharge  into  surface  streams  and  flow-through  cool- 
ing will  be  no  longer  permitted.  Other  influences  are  heavy  metals 
or  toxic  substances  in  the  cooling  water  and  accidental  radio- 
active discharges. 

Recreation  areas  will  be  increasing  in  numbers,  size,  and 
intensity  throughout  the  subregion.  Sewage  disposal  systems  ade- 
quate to  cope  with  weekend  loads  will  be  needed  in  many  recreation 
areas.  Facilities  for  collection  and  pickup  of  litter  and  garbage 
must  also  be  made  available,  since  these  things  add  to  the  water- 
borne debris  load. 


Minimum  Flow  Requirements 

A set  of  generalized  curves  showing  minimum  flow  require- 
ments for  waste  loadings  subjected  to  various  treatment  levels  is 
presented  in  figures  88  and  89  for  several  dissolved  oxygen  objec- 
tives, elevations,  and  self-purification  factors  (a  combined 
characteristic  of  the  waste  and  stream) . Figure  90  shows 
generalized  areas  for  which  particular  graphs  are  applicable. 

These  figures  give  only  approximate  requirements  for  small  to 
middle-sized  communities  with  a normal  mix  of  municipal  and 
industrial  wastes. 

Vancouver-Camas  Service  Area  The  population  of  the 
Vancouver-Camas  Service  Area  is  expected  to  increase  from  81,500 
in  1965  to  223,700  in  2020.  The  pulp  and  paper  industry  will 
represent  the  major  waste  source,  with  an  estimated  raw  waste 
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FIGURE  88.  Minimum  Flow  Needs  to  Maintain  Oregon  and  Washington 
Dissolved  Oxygen  Standards  Criteria  (Elevations  2000 
and  1000  feet) 


production  of  2,800,000  PE  in  1980  and  4,400,000  PE  in  2020.  Food 
processing  industries  are  expected  to  produce  approximately  300,000 
PE  in  1980  and  580,000  PE  in  2020. 


FIGURE  89.  Minimum  Flow  Needs  to  Maintain  Oregon  and  Washington 
Dissolved  Oxygen  Standards  Criteria  (Sea  Level) 


Longview-Kelso  Service  Area 


The  population  of  the  Longview-Kelso  Service  Area  is  expec 
ted  to  increase  from  52,000  in  1965  to  109,200  in  2020.  The  pulp 
and  paper  industry  will  represent  the  major  waste  source,  with 
an  estimated  raw  waste  production  of  2,000,000  PE  in  1980  and 
3,100,000  PE  in  2020. 


Other  Minimum  Flow  Requirements 


In  the  preceding  section,  only  oxygen  demanding  wastes 
from  controllable  sources  were  considered  in  developing  the  set 
of  generalized  curves  for  determining  minimum  streamflows.  Wastes 
from  irrigation  return  flows,  feedlots,  and  other  non-point 
sources  also  deteriorate  water  quality  by  contributing  organics, 
nutrients,  coliform  bacteria,  turbidity  and  increasing  water 


(temperature.  In  addition,  a variety  of  chemical  substances  are 

applied  to  the  lands  for  such  purposes  as  insect  and  weed  control. 
These  chemicals  are  easily  flushed  into  streams  and  are  toxic  to 
I the  stream  biota. 


Management  Practices 

The  management  of  the  water  resources  of  the  Lower  Columbia 
Subregion  is  an  important  factor  in  preserving  water  quality  of 
the  streams  and  rivers.  Detailed  planning  and  adequate  financing 
are  required  so  as  to  prevent  potential  water  pollution  which 
would  otherwise  result  from  increasing  waste  loadings.  Water 
quality  must  be  considered  in  the  planning  and  operation  of  all 
new  reservoirs  and  in  changes  made  in  present  operating  procedures. 
Dependable  flows  must  be  guaranteed. 


i 


i 

1 


SUBREGION  9 
WILLAMETTE 


INTRODUCTION 

The  Willamette  Subregion  is  divided  in  terms  of  signifi- 
cant subbasins  and  major  service  areas.  The  three  major  sub- 
basins are  the  Upper  Willamette,  Middle  Willamette,  and  Lower 
Willamette.  The  major  service  areas  within  the  subregion  are 
the  Eugene-Springfield,  Albany-Corvallis , Salem,  and  Portland 
areas . 


PRESENT  STATUS 

Municipal  and  industrial  wastes  discharged  to  streams  and 
rivers  are  the  primary  cause  of  water  quality  degradation  in  the 
Willamette  Subregion.  In  1965,  municipal  and  industrial  sources 
produced  wastes  equivalent  to  those  from  a population  of  5.9 
million  persons.  Of  this  total,  an  average  of  about  1.4  million 
population  equivalents  (PE)  actually  reach  the  subregion's  water- 
ways. Pulp  and  papermills  are  responsible  for  96  percent  of  the 
industrial  waste  discharges.  Other  sources  of  pollution  having 
significant  effects  on  water  quality  include:  irrigation  return 

flows,  rafting  and  storage  of  logs,  dredging,  recreation  activi- 
ties, agricultural  animals,  and  urban  drainage. 

Average  water  quality  in  the  Willamette  Subregion  is,  with 
the  exception  of  bacterial  pollution,  at  a generally  acceptable 
level.  However,  water  quality  conditions  in  many  streams  become 
a serious  problem  during  the  summer  months  when  low  streamflow 
occurs.  The  most  severe  conditions  are  apparent  in  the  Portland 
Harbor  reach  of  the  Willamette  River  and  in  the  Tualatin  River. 

A graphical  summary  of  municipal  and  industrial  organic 
waste  production  and  discharge  is  presented  in  figure  91. 
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Stream  Characteristics 

Most  of  the  major  tributaries  of  the  Willamette  River  rise 
in  the  Cascade  Range,  entering  the  main  stem  from  the  east.  All 
of  the  streams  are  derived  principally  from  rainfall  runoff,  with 
varying  degrees  of  snowmelt  included.  The  flood  flows  of  the 
Willamette  River  system  are  largely  controlled  by  reservoirs,  with 
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three  on  the  Santiam,  two  on  the  McKenzie,  three  on  the  Middle  Fork, 
two  on  the  Coast  Fork,  and  one  on  the  Long  Tom  River. 


The  average  annual  runoff  of  the  Willamette  Subregion 
amounts  to  about  38,200  cfs  (27.6  million  acre-feet).  This  flow 
is  developed  from  twelve  major  tributaries.  The  eastern  tribu- 
taries (Clackamas,  Molalla,  Santiam,  Calapooia,  McKenzie,  and 
Middle  Fork)  drain  71  percent  of  the  subregion  and  account  for 
about  75  percent  of  the  total  yield  of  the  Willamette  system. 
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Surface-Water  Hydrology 

In  general,  the  discharge  pattern  of  the  Willamette  Sub- 
region  streams  agrees  very  closely  with  the  precipitation  pattern. 
Maximum  flows  occur  between  the  months  of  November  and  April --a 
direct  result  of  runoff  from  precipitation  and  melting  snow; 
minimum  flows  occur  between  July  and  October.  In  terms  of  volume, 
over  75  percent  of  the  average  annual  yield  occurs  during  the  6 
wet  months. 

As  a rule,  the  streamflow  regimen  of  tributaries  is  simi- 
lar to  that  of  the  main  stem  Willamette,  with  the  exception  that 
east  tributaries  (due  to  snowmelt,  ground-water  storage,  and 
regulation)  maintain  higher  sustained  flows  through  the  dry 
season  than  the  tributaries  draining  the  coastal  mountains. 

Table  120  presents  monthly  discharge  data  for  selected  stations. 

From  the  standpoint  of  waste  discharge  control,  the  low- 
flow  months  of  July,  August,  September,  and  October  are  the  most 
important.  In  most  of  the  subregion,  August  is  the  critical 
month.  The  normal  differences  in  magnitude  between  east-side 
and  west-side  tributaries  become  more  pronounced  during  low  flows; 
the  average  August  flow  of  the  five  major  eastern  tributaries 
below  the  confluence  of  the  Coast  and  Middle  Forks  amounts  to 
about  fifteen  times  that  of  the  western  tributaries.  One-in-ten- 
year  low  flows  are  used  to  predict  recurrence  frequency  of 
critical  low  flows.  These  data  for  selected  stations  are  sum- 
marized in  table  121. 

Stream  gradients  influence  water  quality  because  they 
affect  reaeration  rates,  time  of  travel,  and  bottom  deposits. 

In  the  upland  areas,  the  streams  cascade  through  gorges  and  over 
rocks,  providing  a high  reaeration  rate  and  a short  time  of  pas- 
sage. In  these  reaches  all  but  the  heaviest  solids  are  carried 
in  suspension  by  the  streams.  In  the  lower  reaches,  flatter 
gradients  result  in  low  reaeration  rates  and  extended  travel 
times.  Low  velocities  allow  almost  all  settleable  solids  to 
fall  out  to  form  bottom  deposits. 
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Table  120  - Average  Monti.  1»  0t  sc barge,  Subregion  < i.'i 


t 
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Location 

Jan. 

Feb. 

March 

•\pr~i  1 

May 

Sandy  River 
near  Bull  Run,  Ore. 

3,280 

3,192 

3,072 

3,357 

2,979 

Middle^ Fork  Willamette 
River  at  Jasper,  Ore. 

0,391 

3,160 

3,363 

3,055 

3,498 

Coast  Fork  Willamette 
River  at  Goshen,  Ore. 

3,188 

2,837 

2 , 329 

1,533 

884 

McKenzie  River 
near  Coburg,  Ore. 

8,726 

7,709 

6,854 

6,769 

5,835 

Long  Tom  River 
at  Monroe,  Ore. 

2,261 

1,533 

815 

431 

215 

Marys  River 

near  Philomath,  Ore. 

1,095 

1,086 

839 

444 

210 

Calapooia  River 
at  Holley,  Ore. 

913 

873 

810 

538 

310 

Willamette  River 
at  Albany,  Ore. 

27,029 

21,007 

17,842 

14,441 

11,69'’ 

North  Sant  lam  River 
at  Niagara,  Ore. 

2,810 

1,561 

1,508 

1,723 

2,352 

South  Fork  Santiam 
River  at  Wuterloo, 
Ore. 

4,961 

3,487 

3,239 

2,931 

2,556 

santiam  River 

at  Jefferson,  Ore. 

12,992 

9,909 

9,224 

8,282 

7,339 

Luckiamute  River 
at  Suver,  Ore. 

2,192 

2,136 

1,478 

956 

455 

Willamette  River 
at  Salem,  Ore. 

44,985 

35,397 

29,538 

24,438 

19,241 

South  Yamhill  River 
near  Whiteson,  Ore. 

3,866 

3,764 

2.969 

1,741 

725 

Mo  la  1 la  River 
near  Canby,  Ore. 

2,101 

2,006 

1.712 

1,529 

1,091 

Pudding  River 
at  Aurora,  Ore. 

2,763 

2 , 606 

2,037 

1,514 

776 

Tualatin  River 

at  West  Linn,  Ore. 

3,776 

3,755 

2,752 

1 ,6S7 

651 

Willamette  River 
at  Oregon  City,  Ore. 

60,034 

52,029 

42,601 

33,451 

.’3, 346 

Clackamas  River 
at  Estacada,  Ore. 

3,710 

3,610 

3,368 

3,693 

3,694 

June 

(CFS) 

July 

Aug 

Jet- 

Nov 

tire  . 

Meati 

1,973 

843 

505 

SOI 

1.186 

2,851 

3,890 

2.  so; 

4,69" 

1 ,965 

2,235 

2,121 

3.521 

6,732 

6.241 

3,916 

613 

421 

882 

195 

» 

1.713 

3,020 

1,512 

4,783 

3,419 

2,839 

2,183 

3,236 

5,626 

8,122 

S.SuR 

85 

50 

50 

1,157 

176 

705 

1.776 

770 

96 

37 

18 

If. 

80 

423 

949 

441 

178 

67 

54 

32 

144 

490 

861 

438 

10,576 

5,513 

6,*b<>7 

7,733 

16,897 

25,549 

14.111 

2,112 

1,387 

1,189 

1,281 

2,244 

3.876 

3,181 

2.102 

1,781 

773 

703 

868 

2,347 

5,197 

5,425 

2.8S6 

5,149 

2,279 

1,740 

2,326 

5,681 

12,404 

13,864 

7,596 

197 

78 

42 

48 

224 

998 

2.030 

903 

15,376 

7,002 

6,551 

7,616 

13,571 

30,786 

41,394 

22,991 

281 

105 

48 

60 

337 

1,740 

3,698 

1,611 

664 

218 

97 

115 

473 

1,496 

2, 1 IS 

1,135 

421 

158 

75 

90 

350 

1.331 

2,456 

1,215 

274 

94 

32 

42 

172 

1.093 

3,024 

1.443 

16,938 

6,938 

5,979 

7,237 

15,456 

38,971 

55,809 

29,900 

2,571 

1,264 

913 

875 

1,372 

2,929 

4,093 

2,674 

378 


Table  121  - One-in-Ten-Year  Low  Flows,  Subregion  9 (12) 


One- in -Ten -Year 
Low  Flow 


Stream  and  Location  (cfs)  1/ 


Sandy  River  near  Bull  Run,  Oregon  270 
Middle  Fork  Willamette  River  at  Jasper,  Oregon  1,150 
Coast  Fork  Willamette  River  near  Goshen,  Oregon  <100 
McKenzie  River  near  Coburg,  Oregon  1,700 
Long  Tom  River  at  Monroe,  Oregon  40 
Marys  River  near  Philomath,  Oregon  8 
Calapooia  River  at  Holley,  Oregon  13 
Willamette  River  at  Albany,  Oregon  2,300 
North  Santiam  River  at  Niagara,  Oregon  820 
South  Santiam  River  at  Waterloo,  Oregon  560 
Santiam  River  at  Jefferson,  Oregon  1,400 
Luckiamute  River  near  Suver,  Oregon  25 
Willamette  River  at  Salem,  Oregon  5,200 
South  Yamhill  River  near  Whiteson,  Oregon  27 
Molalla  River  near  Canby,  Oregon  54 
Pudding  River  at  Aurora,  Oregon  47 
Tualatin  River  at  West  Linn,  Oregon  <10 
Willamette  River  at  Oregon  City,  Oregon  4,050 
Clackamas  River  at  Estacada,  Oregon  700 


1/  Period  of  1 month. 


The  most  serious  problems  associated  with  low-flow  condi- 
tions occur  in  the  lower  Willamette  River  (Portland  Harbor)  and 
in  the  Tualatin  River. 


Impoundments  and  Stream  Regulation 

At  the  present,  there  are  19  major  impoundments  in  the 
Willamette  Subregion.  The  storage  in  these  impoundments  has  been 
allocated  for  the  purposes  of  flood  control,  power,  irrigation, 
navigation,  water  supply,  and  recreation.  Although  no  storage 
is  authorized  for  water  quality,  there  are  some  incidental  bene- 
fits derived  from  a result  of  operation  of  these  reservoirs  for 
the  several  other  uses.  At  all  Federal  reservoirs  now  being 
designed  or  to  be  designed  in  the  future,  provisions  are  being 
made  to  study  the  inclusion  of  a selective  withdrawal  of  water 
from  various  reservoir  levels,  to  insure  outflow  temperatures 
are  maintained  at  desirable  levels.  Reservoirs  are  operated  with 
specified  maximum  and  minimum  rates  of  filling  and  evacuation. 

The  operation  of  Federal  reservoirs  in  the  region  follows 
a seasonal  rule  curve  as  follows:  During  the  major  flood  season. 
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November  through  January,  the  reservoirs  are  held  at  minimum 
pool  to  allow  room  for  the  storage  of  flood  runoff;  as  the  flood 
threat  diminishes  the  reservoirs  are  gradually  filled  to  full 
pool  around  the  first  of  May.  This  point,  full  or  conservation 
pool,  is  maintained  throughout  the  summer  or  until  the  stored 
water  is  needed  to  meet  downstream  conservation  demands.  A 
minimum  flow  of  6,500  cfs  is  maintained  at  Salem  during  this 
period,  and  reservoir  releases  are  usually  required  to  meet  this 
minimum  during  the  latter  part  of  the  summer.  After  the  summer 
season  passes  and  as  the  flood  potential  increases,  the  water 
remaining  in  the  reservoir  is  gradually  evacuated.  There  is  little 
or  no  conflict  among  water  uses  incorporated  in  this  system  of 
operation.  The  past  several  years  it  has  been  possible,  through 
operation  of  the  Willamette  reservoirs,  to  provide  flows  higher 
than  the  specified  minimums  to  assist  in  the  improvement  of  water 
quality  through  the  Willamette  Basin  and  especially  in  the  Portland 
Harbor,  where  dissolved  oxygen  becomes  critical  in  the  summer 
months . 

The  operation  maintained  in  the  summer  of  1967  is  a good 
example  of  the  type  of  benefits  that  can  be  obtained  through  proper 
reservoir  regulation.  In  1967,  many  tributary  streams  of  the 
Willamette  dried  up  completely;  streams  with  upstream  regulation, 
however,  were  maintained  throughout  the  period  by  storage  releases 
from  the  Corps  projects  in  the  Willamette  Basin,  and  flows  and 
dissolved  oxygen  were  kept  at  an  acceptable  level. 

The  effect  of  impoundments  on  water  quality  in  the  Willamette 
Subregion  is  not  considered  to  be  a major  problem  at  present. 
Willamette  dams  are  relatively  new,  and  changes  that  may  be 
occurring  are  still  slight  enough  that  they  are  difficult  to 
detect.  However,  the  Hills  Creek,  Lookout  Point,  Dexter,  and 
Fall  Creek  Reservoirs  have  had  some  effects  on  water  quality  on 
the  Middle  Fork.  Turbidity  problems  exist  in  the  first  three 
reservoirs,  with  excessive  algal  growths  constituting  the  major 
source  of  turbidity  in  Lookout  Point  and  Dexter.  During  1966, 
releases  from  Fall  Creek  Reservoir  caused  a fish  kill,  apparently 
as  a result  of  low  dissolved  oxygen  and  the  presence  of  hydrogen 
sulfide  in  the  released  water.  The  Fern  Ridge  Reservoir  on  the 
Long  Tom  River  suffers  from  prolific  algal  production  and  sedi- 
ments which  are  kept  in  suspension  by  agitation  from  wind,  boats, 
and  bottom-feeding  fish.  Fisheries  biologists  have  indicated  that 
water  in  Detroit  and  Big  Cliff  Reservoirs  is  somewhat  colder  than 
desirable  for  optimum  fish  development. 
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Ground-Water  Characteristics 


Large  supplies  of  ground  water  are  available  in  the  Willamette 
Subregion,  generally  in  the  lowland  areas  where  development  and  need 
for  water  are  most  extensive.  The  major  ground-water  reservoirs 
are  the  alluvial  deposits  making  up  the  flood  plains  and  terraces 
along  the  Willamette  River  and  major  tributaries  draining  the 
Cascades.  The  permeable  volcanic  formations  making  up  the  higher 
Cascades  provide  good  ground-water  reservoirs,  but  the  basalts 
and  rhyolite  soils  of  the  western  Cascades  and  the  fine-grained 
sedimentary  rocks  of  the  Coast  Range  have  a relatively  low  perme- 
ability and  make  poor  aquifers. 

The  highly  permeable  gravels  which  underlie  the  flood  plains 
of  the  Willamette  and  larger  tributaries  provide  yields  of  1,000 
gallons  per  minute  to  individual  wells  without  excessive  drawdown. 

The  lava  aquifers  and  the  sand  and  gravel  deposits  that  underlie 
terraces  have  much  smaller  yields;  but  because  they  are  more  ex- 
tensive, the  aggregate  withdrawal  is  greater  than  that  from  the 
flood  plain  gravels.  Those  wells  located  on  the  unconsolidated 
sediments  and  formations  of  the  Coast  Range  are  generally  of  low 
yield  and  have  excessive  drawdown. 


The  ground-water  reservoirs  are  an  important  factor  in 
sustaining  streamflow,  especially  during  the  summer  and  fall.  The 
very  porous  lava  along  the  crest  of  the  Cascade  Range  absorb  a 
large  quantity  of  spring  and  winter  runoff,  which  appears  in  the 
form  of  springs  at  lower  elevations.  These  ground-water  releases 
provide  a large  portion  of  summer  flows  of  streams  originating  in 
the  Cascades. 

The  chemical  quality  of  most  ground  water  in  the  subregion 
is  good;  the  waters  are  usually  adequate  for  domestic,  industrial, 
and  irrigation  use.  Generally,  the  dissolved  solids  are  less 
than  300  mg/1,  and  rarely  do  they  exceed  500  mg/1.  The  water  may 
be  soft  to  hard,  and  silica  generally  ranges  from  20  to  60  mg/1. 
Troublesome  trace  constituents  are  absent  in  most  aquifers. 

However,  hardness,  salinity,  and  iron  are  above  desirable  levels 
in  several  locations.  Iron  is  the  most  common  constituent  exceed- 
ing recommended  levels.  Brackish  and  saline  waters  are  encountered 
at  depth  in  the  marine  sedimentary  strata  on  the  slope  of  the 
Coast  Range,  and  at  some  places  saline  water  has  migrated  into 
overlying  or  adjacent  aquifers.  Bacterial  contamination  of  aqui- 
fers is  not  common  in  urbanized  areas,  although  some  supplies  have 
been  rendered  unfit  for  human  use. 


A more  detailed  discussion  of  ground  water  in  the  Willamette 
Subregion  is  presented  in  Appendix  V. 
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Pollution  Sources 


> The  municipal  and  industrial  wastes  in  population  equivalents 

are  summarized  in  table  122.  The  table  generally  represents  waste 
loadings  during  the  critical  summer  low-flow  period. 


lablc  122  - Summary  of  Municipal  and  Industrial  haste  Treatment,  Suhreglon  9,  !'.«•  1” 


ipal 

Industrial 
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Municipalities  and  industries  produce  wastes  equivalent  to 
those  from  a population  of  approximately  5.9  million  persons.  Of 
this  total,  77  percent  is  generated  by  the  pulp  and  paper  industry, 
2 percent  by  the  food-processing  industry,  and  20  percent  by 
municipalities.  The  remaining  1 percent  is  from  other  miscellan- 
eous industries  within  the  subregion  and  uncontrolled  discharges 
to  Portland  Harbor  through  private  and  storm  sewers. 


382 


mmmm 


Waste  treatment  and  other  means  of  waste  reduction  decrease 
the  normal  waste  load  to  the  subregion's  waters  by  about  76  percent 
so  that  1.45  million  PE  actually  reach  surface  waters. 


Other  significant  sources  of  pollution  in  the  subregion 
include  wastes  from  the  rural-domestic  population,  irrigation, 
livestock  and  poultry,  land  use  and  recreation,  navigation  and 
dredging.  Land  use  is  probably  the  most  important  of  these, 
since  it  contributes  heavily  to  sediment  problems. 


Upper  Willamette  Subbasin  An  average  reduction  in  bio- 
chemical oxygen  demand  of  about  6“  percent  is  accomplished  by 
municipal  waste  treatment  facilities  in  the  Upper  Willamette  Sub 
basin.  Of  the  13  municipal  waste  sources,  six  communities  have 
less  than  secondary  treatment. 


The  Eugene-Springfield  Service  Area  accounts  for  about 
31,000  PE  of  the  total  municipal  waste  load  of  89,480  PE  in  the 
subbasin.  The  City  of  Eugene,  whose  wastes  are  seasonally  in- 
creased by  about  250,000  population  equivalents  by  industrial 
discharges,  is  the  largest  waste  source.  The  city  is  currently 
expanding  its  treatment  capacity  to  better  handle  these  waste 
loadings.  Also  within  the  service  area,  Springfield,  Harrisburg 
and  Junction  City  provide  secondary  treatment  facilities. 


A satisfactory  level  of  municipal  waste  treatment  is 
accomplished  outside  the  Eugene-Springf ield  Service  Area.  All 
cities,  with  the  exception  of  Westfir  which  relies  upon  septic 
tanks  for  disposal  of  wastes,  have  municipal  waste  treatment 
facilities . 


Middle  Willamette  Subbasin 


In  general,  municipal  waste 

treatment  practices  in  the  Middle  Willamette  Subbasin  are  excel- 
lent. An  average  reduction  in  organic  oxygen-demanding  wastes  of 
about  76  percent  is  accomplished  by  the  municipal  facilities. 

Of  the  44  municipal  systems,  28  presently  provide  secondary  treat 
ment;  however,  at  least  four  of  these  facilities  require  enlarge- 
ment or  additions.  Seven  communities  provide  satisfactory  treat- 
ment with  oxidation  lagoons.  In  addition,  one  small  municipal 
system  utilizes  septic  tank  disposal.  Municipal  waste  sources 
in  the  subbasin  are  concentrated  in  the  Albanv-Corvallis  and 
Salem  Service  Areas. 


All  communities  in  the  Albany-Corvallis  Service  Area  pro- 
vide secondary  waste  treatment.  However,  the  Albany  plant  has 
only  a partial  secondary  treatment  plant,  operating  a trickling 
filter  but  lacking  a secondary  clarifier.  The  municipal  facili- 
ties at  Albany  and  Corvallis  receive  waste  discharges  from  food- 
processing industries.  As  a result,  these  facilities  discharge 
48,000  and  30,700  PE,  respecti velv , to  the  Willamette  River  during 
August  and  September.  The  cities  of  Sweet  Home,  Philomath,  and 
Lebanon  are  the  other  major  waste  sources  in  the  service  area 
discharging  320,  480,  and  1,600  PH  respectively. 

In  the  Salem  Service  Area  the  City  of  Salem  is  the  princi- 
pal waste  source,  releasing  an  organic  loading  of  about  26,000  PE 
to  the  Willamette  River.  Salem's  secondary  treatment  facility 
serves  a municipal  population  of  over  70,000  persons  and  receives 
industrial  wastes  from  food-processing  industries  equivalent  to 
those  from  another  400,000  persons.  The  City  of  Dallas  is  also 
a significant  waste  source,  discharging  about  3,100  PE  from  its 
secondary  treatment  plant  to  small  Rickreall  Creek.  Other 
municipal  waste  sources  in  the  service  area  are  the  cities  of 
Independence  and  Monmouth. 

Outside  the  two  major  service  areas,  waste  treatment 
practices  are  also  generally  excellent.  The  cities  of  McMinnville 
and  Silverton  are  the  largest  waste  sources,  releasing  about  1,500 
and  2,800  PE,  respectively.  All  other  municipalities  discharge 
an  organic  loading  of  less  than  800  PE  and  usually  less  than  300 
PE.  The  only  treatment  deficiencies  are  at  Sheridan  and  Canby. 

The  Oregon  Department  of  Environmental  Quality  (DEQ)  requires 
that  Sheridan  add  a secondary  clarifier  to  its  facilities,  and 
that  Canby  enlarge  its  present  plant. 

Lower  Willamette  Subbasin  Municipal  waste  treatment 
practices  in  the  Lower  Willamette  Subbasin  are  generally  good. 

Only  two  communities  have  less  than  secondary  treatment.  The 
normal  waste  loading  to  subregion  waters  is  only  about  28,000  Pi ; 
however,  several  facilities  also  treat  industrial  wastes  from 
food-processing  industries.  As  a result,  seasonal  loadings  can 
be  greatly  increased.  The  City  of  Portland  and  community  of 
Gresham  discharge  waste  loadings  of  260,000  and  3,000  PE, 
respecti\e  , to  waters  outside  the  Willamette  Subregion. 

Despite  the  fact  that  the  Willamette  River  flows  through 
the  center  of  Portland,  municipal  waste  loads  to  the  river  are 
comparatively  minor.  Effluents  from  adequate  secondary  treatment 
plants  scving  six  communities  between  Milwaukie  and  West  Linn 
contribute  a waste  load  of  about  10,000  PE  to  the  lower  Willamette. 
No  particular  problems  have  been  created  by  these  discharges, 

• xcept  that  detergent  foam  has  detracted  from  the  aesthetic 
appeara  ice  of  the  Willamette  River  below  the  Oregon  City  treatment 
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plant  outfall.  Most  of  the  municipal  wastes  of  Portland  are 
treated  in  a primary  plant  which  discharges  to  the  Columbia 
River,  where  they  have  no  effect  on  the  quality  of  Portland 
Harbor.  However,  numerous  discharges  from  private  and  storm 
sewers  estimated  to  have  a total  strength  of  about  8,000  PH,  flow 
directly  into  the  harbor.  The  City  of  Portland  is  currently  con- 
structing an  interceptor  sewer  to  collect  these  wastes. 

Since  the  area  is  nearly  all  urbanized,  runoff  through 
storm  sewers  carries  significant  quantities  of  sand,  gravel,  soil, 
toxic  garden  chemicals,  oils,  animal  wastes,  and  other  organic 
litter.  Most  of  the  storm  sewer  flow  occurs  during  high  river 
flows,  and  adverse  quality  effects  are  not  readily  apparent. 

An  excellent  level  of  waste  treatment  is  maintained  in  the 
Tualatin  River  drainage,  with  all  communities  operating  secondary 
waste  treatment  plants.  A normal  waste  loading  of  about  13,000 
PE  is  released  by  the  municipal  facilities.  However,  several 
facilities  also  receive  wastes  from  food-processing  industries, 
resulting  in  an  organic  loading  of  another  30,000  PF.  during  the 
peak  canning  period  which  occurs  during  the  critical  low  flow 
period.  Even  though  a high  level  of  treatment  is  accomplished, 
serious  water  quality  management  problems  exist  in  the  Tualatin 
Basin.  Rapid  suburban  population  growth  and  a multiplicity  of 
governmental  entities  with  responsibility  for  waste  treatment 
tend  to  complicate  an  already  difficult  problem. 

An  additional  source  of  sanitary  wastes  in  the  lower 
Willamette  is  the  houseboats  which  anchor  along  the  Willamette 
from  Oregon  City  to  the  mouth,  and  which  provide  no  waste  treat- 
ment. The  DEQ  requires  that  these  houseboats  provide  an  adequate 
method  of  waste  treatment.  A similar  area  of  concern  is  the 
sanitary  wastes  discharged  by  commercial  oceangoing  vessels  in 
Portland  Harbor. 


Industries 

Upper  Willamette  Subbasin  Industrial  waste  production  in 
the  Upper  Willamette  Subbasin  is  comparatively  small.  The  major 
industrial  waste  sources  are  the  pulp  and  paper,  forest  products, 
and  food-processing  industries.  In  general,  a high  level  of 
waste  reduction  is  provided  by  the  pulp  and  paper  and  forest 
products  plants.  The  food-processing  industry  usually  discharges 
its  waste  waters  to  municipal  systems  for  treatment. 


The  principal  waste  source  of  the  area  is  a pulp  and  paper-  *v- 

mill  at  Springfield.  The  mill,  whose  waste  treatment  practices 
are  exemplary,  employs  the  sulfate  pulping  process,  recycling 
of  process  waters,  primary  and  secondary  waste  treatment,  and 
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summer  spray  irrigation  with  waste  waters  to  minimize  effects  on 
the  quality  of  the  river.  The  mill's  treatment  system  achieved 
over  a 90  percent  reduction  in  organic  oxygen  demand,  resulting 
in  an  effluent  strength  of  about  12,000  PE. 

Numerous  sawmills  and  plywood  mills  are  scattered  throughout 
the  Upper  Willamette  Subbasin.  These  mills  tend  to  be  large, 
efficient  installations  whose  waste  wood  provides  the  raw  material 
for  pulp  and  papermills.  The  waste  treatment  practices  of  these 
sawmills  and  plywood  mills  have  received  little  attention  until 
recently.  However,  solids  from  such  industrial  plants  can  be  a 
potential  source  of  aesthetic  damages,  and  of  materials  which  can 
serve  as  a base  for  attachment  of  Sphaeroti lus . The  EPA,  IVQO 
Water  Laboratory  has  completed  a study  of  waste  disposal  methods 
for  glue  wastes  from  sawmill  and  plywood  operations  and  is 
currently  studying  the  effects  of  log  storage  and  handling  prac- 
tices on  water  quality.  The  DEQ  plans  to  use  the  results  of 
these  studies  to  recommend  additional  waste  treatment  requirements. 

Visual  evidence  of  pollution  from  sand  and  gravel  operations 
has  been  reported  in  the  Willamette  River  between  the  confluence 
of  the  Middle  and  Coast  Forks  and  Eugene.  Waste  control  measures 
to  reduce  the  problem  have  been  initiated. 

The  food-processing  industry  is  mainly  centered  in  the 
Eugene-Springfield  Service  Area.  Effluents  are  generally  dis- 
charged to  municipal  waste  treatment  systems.  Several  dairies 
and  food-processing  plants  discharge  to  the  Eugene  secondary 
treatment  plant.  The  Eugene  fruit  growers  discharge  to  the 
Junction  City  secondary  treatment  plant. 

Middle  Willamette  Subbasin  Industrial  waste  production  in 
the  Middle  Willamette  Subbasin  constitutes  over  one-half  of  the 
total  oxygen-demanding  strength  of  all  wastes  discharged  to  waters 
of  the  Willamette  Subregion  during  August  and  September.  The 
principal  sources  are  the  manufacture  of  pulp  and  paper  and  the 
processing  of  foodstuff.  The  annual  average  industrial  organic 
waste  load  produced  in  the  subbasin  is  estimated  to  total  about 
2.5  million  PE,  which  are  reduced  to  about  0.6  million  PE  by  waste 
treatment. 

The  major  waste  sources  in  the  subbasin  are  four  pulp  and 
papermills.  Three  of  these- -at  Lebanon  on  the  South  Sant i am, 
and  at  Salem  and  Newberg  on  the  Willamette--are  sulfite  process 
pulp  mills,  with  a very  high  waste-to-product  ratio.  The  Albany 
mill  is  a sulfate  process  mill,  distinguished  by  the  lower  waste- 
to-product  ratio  that  is  obtained  in  sulfate  pulping.  As  a group, 
these  four  mills  account  for  over  70  percent  of  the  total  organic 
waste  production  of  the  subbasin  and  for  over  90  percent  of  the 
average  waste  discharge  during  the  summer  months. 
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An  ammonia-base  sulfite  mill  at  Lebanon  discharges  wastes 
estimated  at  56,400  PE  daily  into  minimum  river  flows  of  less  than 
100  cfs.  Present  waste  reduction  measures,  in  addition  to  process 
controls,  consist  of  sedimentation  basins  and  aerated  lagoons  and 
discharge  into  Mark's  Slough  about  1 mile  from  the  South  Santiam 
River.  During  summer  months,  the  slough  discharges  through  a bed 
of  river- run  rock,  which  creates  an  impoundment  and  acts  somewhat 
like  a trickling  filter.  In  addition,  some  strong  waste  liquors 
are  concentrated  by  evaporation  and  then  either  burned  or  dried 
for  by-product  recovery. 

A pulp  mill  in  Albany  discharges  about  63,200  PE  of  pulp 
mill  wastes  daily  to  the  Willamette  River.  Two  earthen  ponds 
provide  primary  settling  with  24-hour  detention  of  the  wastes 
before  discharge.  An  interim  method  of  further  treatment  has 
been  accomplished  with  seepage  pits,  with  full  secondary  treatment 
required  by  the  DEQ  by  July  1972. 

A calcium-base  sulfite  pulp  and  papermill  at  Salem  dis- 
charges large  waste  loads  to  the  Willamette  River  most  of  the  year. 
The  mill  operates  primary  settling  facilities  which  normally  dis- 
charge about  28,000  PE.  During  the  summer  season  these  wastes 
are  temporarily  held  in  two  lagoons  with  a combined  capacity  of 
180  mg.  The  mill  has  orders  from  the  DEQ  to  install  chemical 
recovery  systems  and  secondary  treatment  or  equivalent  control 
by  July  1972. 

A paper  company  at  Newberg,  which  produces  unbleached 
sheet  pulp,  also  relies  upon  year-round  primary  sedimentation 
and  temporary  storage  lagoons  for  waste  reduction  during  the 
summer  low-flow  periods.  Raw  waste  production  of  about  774,000 
PE  resulting  from  pulping  operations  is  reduced  to  about  130,000 
PE  by  diverting  strong  liquor  to  storage  lagoons  in  the  summer. 

The  mill  has  orders  from  the  DEQ  to  install  chemical  recovery  and 
secondary  treatment  or  equivalent  control  of  total  mill  wastes 
by  July  1972. 

Experience  with  storage  of  pulp  mill  wastes  has  indicated 
that  it  is  an  inappropriate  method  to  be  relied  upon  for  a long- 
term solution  to  the  problem  of  waste  reduction.  In  theory,  it 
provides  for  a fuller  utilization  of  the  assimilative  capacity 
of  the  stream  by  gearing  waste  discharges  to  flows.  Problems 
occur,  however,  during  prolonged  dry  periods,  which  result  in 
complete  filling  of  waste  holding  ponds  and  subsequent  overflow, 
or  the  necessity  for  plant  shutdowns.  Loss  of  holding  capacity 
as  a result  of  accident  can  result  in  devastating  loads  of  con- 
centrated wastes. 


ihe  food-processing  industry  of  the  Middle  Willamette 
Subbasin  has  done  an  excellent  job  of  reducing  its  wastes.  Large 
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plants  at  Stayton,  on  the  North  Santiam  River,  and  at  Woodburn, 
on  a tributary  of  the  Pudding,  practice  land  disposal  of  their 
wastes,  greatly  reducing  their  discharge  to  watercourses.  At 
Corvallis,  Albany,  Salem,  McMinnville,  and  Silverton,  food- 
processing wastes  are  treated  in  the  municipal  waste  treatment 
plants.  The  Salem  waste  treatment  plant  is  an  example  of  munici- 
pal and  industrial  cooperation  in  the  interest  of  pollution  abate- 
ment . 

A lumber  company  at  Corvallis  is  the  largest  lumber  and 
wood  products  waste  source  in  the  subbasin.  The  hardboard  plant 
utilizes  primary  settling  ponds  and  aerated  ponds  for  treatment 
of  wastes.  The  effluent  from  the  facility  has  an  organic  oxygen- 
demanding load  of  about  15,000  PE.  Several  sawmills  and  plywood 
mills  also  contribute  minor  waste  loadings  to  waters. 

Two  metallurgical  companies  at  Albany  are  engaged  in 
limited  reduction  and  extensive  fabrication  of  exotic  metals. 

The  firms  have  been  a source  of  toxic  inorganic  wastes  to  the 
small  streams  to  which  they  discharge  and  to  the  Willamette  River. 
However,  both  firms  are  now  completing  plans  that  should  eliminate 
the  problem. 

Lower  Willamette  Subbasin  Industrial  wastes  produced  in 
the  Lower  Willamette  Subbasin  constitute  about  45  percent  of  the 
total  oxygen-demanding  strength  of  all  wastes  discharged  to  the 
Willamette  River  system.  The  total  estimated  industrial  organic 
waste  produced  in  the  Lower  Willamette  is  about  2.1  million  PE, 
which  are  reduced  during  the  critical  period  to  about  0.5  million 
PE  by  waste  treatment  or  other  means  of  waste  reduction.  The 
pulp  and  paper,  food-processing,  and  wood  products  industries 
are  the  most  significant  from  a waste  standpoint,  but  the  chemical, 
metal  fabrication,  and  electronics  industries  contribute  inorganic 
waste  materials. 

The  principal  waste  sources  of  the  area  are  the  pulp  and 
papermills  at  West  Linn,  a paper  company  at  Oregon  City,  and 
a gypsum  company  and  a pulp  and  papermill  at  St.  Helens.  These 
mills  account  for  over  75  percent  of  the  total  industrial  waste 
discharge  in  the  subbasin. 

The  paper  company  at  Oregon  City  operates  a sulfite  paper- 
mill  and  a refiner  and  stone  groundwood  mill  producing  paper 
products.  A conversion  program  changing  the  sulfite  process  to 
magnefite  is  complete.  A substantial  decrease  in  wastes  has 
resulted  from  this  conversion  and  chemical  recovery.  The  mill 
has  also  constructed  primary  sedimentation  facilities.  Total 
wastes  generated  at  the  plant  currently  amount  to  about  882,000 
PE  per  day.  This  load  is  reduced  to  172,700  PE  during  the  low-flow 
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period  by  barging  strong  wastes  to  the  Columbia  River.  This 
practice  is  considered  to  be  an  interim  measure  by  regulatory 
authorities  and  is  acceptable  only  until  1970. 

One  pulp  and  papermill  at  West  Linn  produces  paper  products 
from  a stone  refiner  groundwood  pulp  mill.  Mill  effluent  is 
diverted  to  a primary  settling  tank  and  a holding  lagoon.  About 
one-half  of  the  volumetric  flow  carrying  about  two-thirds  of  the 
settleable  solids  is  diverted  to  the  primary  settling  tank  for 
solids  separation.  A 75  mg  temporary  holding  lagoon  receives 
the  strong  wastes  during  the  low-flow  season,  resulting  in  a dis- 
charge of  about  120,000  PK. 

The  gypsum  company  at  St.  Helens  operates  a groundwood 
pulp  mill  which  produces  one-half-inch  soft-board.  Primary  and 
secondary  clarifiers  and  an  aerated  lagoon  have  been  installed 
and  reduce  the  effluent  strength  to  about  12,000  PE. 

The  other  corporation  at  St.  Helens  is  currently  in  the 
process  of  expanding  its  bleached  kraft  pulp  and  papermill. 
Evaporation  and  burning  of  concentrated  waste  liquors  for  recovery 
of  base  material  are  practiced,  and  the  mill  has  a primary  sedi- 
mentation facility.  The  mill  and  the  DEQ  have  agreed  that  the 
total  BOD  loading  from  the  plant  to  Multnomah  Channel  should  not 
exceed  the  pre-expansion  load  of  156,000  PE.  If  the  company  can- 
not meet  this  requirement  after  expansion,  or  if  the  load  to  the 
channel  depresses  the  oxygen  below  the  standard  established  for 
the  water  body,  then  additional  treatment  or  an  extension  of  an 
outfall  to  the  Columbia  River  may  be  required. 

The  food-processing  industries  in  the  Lower  Willamette  Sub- 
basin have  done  an  excellent  job  of  reducing  wastes.  The  firms 
generally  use  land  irrigation  or  discharge  to  municipal  waste 
treatment  systems.  As  a result,  only  minor  waste  loadings  actually 
reach  waterways.  The  most  important  area  of  waste  discharge  is 
the  Tualatin  Valley,  where  seasonal  food-processing  wastes  are 
discharged  to  municipal  systems. 

The  only  major  wood  products  industry  in  the  Lower 
Willamette  Subbasin  is  at  Forest  Grove.  The  plant  practices 
primary  settling  and  land  disposal  of  wastes  during  the  low-flow 
months.  The  DEQ  has  required  that  no  discharge  shall  be  allowed 
during  summer  months  beginning  in  1970. 

Other  industries  which  are  smaller  in  size  contribute  some 
organic  matter  and  are  potential  sources  of  toxicants,  oil, 
grain  cleanings,  and  other  deleterious  materials.  These  industries 
are  concentrated  in  the  Portland  Harbor  area.  In  general,  the 
DEQ  requires  that  these  industries  provide  some  type  of  waste 
treatment  and/or  connect  to  the  city  sewer. 
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Rural-Domestic 


Approximately  602,200  persons,  or  45  percent  of  the  sub- 
region  population,  are  served  by  individual  waste  disposal  systems. 
In  general,  septic  tanks  and  some  type  of  subsurface  disposal  are 
used  by  the  rural  population.  The  actual  waste  load  reaching 
waterways  is  not  considered  to  be  large. 


Irrigation 


Effects  of  irrigation  on  water  quality  within  the  Willamette 
Basin  are  minimal.  The  most  obvious  potential  for  stream  pollu- 
tion from  irrigation  is  from  return  flow,  but  about  95  percent  of 
water  application  on  the  244,000  acres  of  irrigated  land  is  by 
sprinkler  with  virtually  no  surface  runoff.  Application  is  regu- 
lated to  economically  control  pumping  costs  and  to  obtain  optimum 
productivity  with  but  little  excess  water  applied.  Most  chemicals 
applied  are  utilized  by  the  crops  or  bound  in  the  soil.  Runoff 
from  fall  and  winter  rains  does  carry  some  natural  and  applied 
minerals  and  chemicals  to  the  rivers;  however,  streamflow  during 
these  periods  is  generally  great  enough  to  preclude  development 
of  problems. 

Annual  diversion  of  water  from  surface  sources  and  pumpage 
from  ground-water  sources  were  about  569,000  acre-feet  in  1966. 

The  flow  of  some  streams  is  nearly  depleted  during  periods  requir- 
ing irrigation;  thus,  the  quantity  and  quality  of  the  remaining 
flow  are  insufficient  to  prevent  degradation  caused  by  the  addi- 
tion of  any  pollutants.  Return  flow  does  not  replenish  streamflow 
during  the  same  period  but  may  cause  early  fall  rains  to  run  off 
more  rapidly  since  shallow  aquifers  are  more  nearly  saturated 
from  irrigation. 

Present  regulations  and  recommended  practices  give  full 
cognizance  to  programs  of  water  pollution  control.  Research 
efforts  have  resulted  in  guidelines  for  water  and  chemical  appli- 
cation to  produce  optimum  economic  returns  and  minimize  water 
pollution. 


Agricultural  Animals 


Readily  defined  adverse  effects  of  agricultural  animals  on 
water  quality,  even  with  nearly  1/4  million  head  of  livestock, 
have  been  limited  to  minor  instances  of  localized  pollution. 
Problems  of  bacterial  contamination  and  organic  pollution  have 
usually  been  traced  to  improper  discharge  of  liquid  and  solid 
wastes  from  large  poultry  houses  or  drainages  from  dairies  and 
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feed  ,-ards.  Droppings  and  manure  are  frequently  collected,  stored, 
and  applied  to  the  ground  in  liquid  form  or  treated  in  oxidation 
ponds . 

Animal  wastes  flushed  into  Willamette  streams  not  only  con- 
tribute a high  bacterial  load  to  the  streams  but  also  exert  a 
biochemical  oxygen  demand.  Estimates  of  potential  fecal  strep- 
tococci from  animal  sources  in  the  Willamette  Basin  for  1959  were 
over  78  times  those  from  human  sources.  Assuming  a 95  percent 
reduction  by  land  disposal,  the  magnitude  of  the  residual  load 
from  animal  sources  is  almost  eight  times  that  from  human  sources 
before  treatment. 

The  oxygen  demand  of  the  wastes  from  the  223,000  head  of 
livestock  in  the  basin  would  be  about  equal  to  that  of  the  wastes 
from  the  total  population.  What  amount  of  these  wastes  reaches 
the  waterways  is  unknown.  However,  these  relationships  point  out 
the  necessity  of  proper  handling  and  management  of  domestic  animal 
wastes  to  prevent  them  from  reaching  the  streams. 

Present  regulation  in  terms  of  laws  is  adequate,  but 
obtaining  full  and  continuous  compliance  is  a problem.  Research 
activities  include  attempts  to  develop  adequate  waste  treatment 
techniques  that  are  also  economical  for  use  by  the  agricultural 
industry. 


Other  Land  Use 

Land-use  practices  can  substantially  alter  the  physical 
environment  of  a river  basin  and  affect  water  quality.  The 
production  and  transport  of  sediment  are  the  most  significant 
quality  impairment  resulting  from  land  use  in  the  Willamette  Basin. 
High  concentrations  of  sediment  generally  occur  during  periods 
of  high  precipitation  or  snowmelt  and  are  carried  in  flood  flows. 

The  lands  most  subject  to  erosion  are  forest  lands  on 
steeper  slopes  which  are  exposed  to  high  rainfall  and  snowmelt. 
These  lands  comprise  66  percent  of  the  basin,  and  some  of  the 
soils  are  of  geologic  origin  susceptible  to  erosion.  Therefore, 
it  is  imperative  that  proper  management  practices  be  followed 
when  making  changes  in  the  forest  environment. 


The  major  single  source  of  sediment  is  bank-cutting  caused 
by  flood  flows  both  in  descent  from  the  steeper  forest  slopes  and 
in  stream  and  river  channels  of  the  valley  floor.  Land-management 
practices  have  not  controlled  this  type  of  erosion  nor  have  present 
flood  control  techniques  and  channel  protection  projects. 
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Stripping  of  vegetative  cover  and  massive  disturbance  of 
soil  in  construction  activities  for  urban- suburban  structures  and 
highways  contribute  large  quantities  of  sediment  during  runoff 
periods . 

Most  of  the  substances  that  are  toxic  to  the  aquatic  habi- 
tat are  man-made  or  caused.  These  include  organic  and  inorganic 
pesticides,  certain  minerals,  and  petroleum  products  washed  into 
streams  from  highways  or  industrial  areas.  None  of  these  toxicants 
resulting  from  land  use  is  considered  to  be  a major  problem  in  the 
Willamette  Basin. 

The  use  of  pesticides  on  agricultural  and  forest  land  is 
extensive  in  the  Willamette  Basin,  with  1,600  tons  of  herbicides, 
8,000  tons  of  fungicides,  and  3,300  tons  of  insecticides  applied 
annually.  Careful  use,  combined  with  the  ability  of  the  soil  to 
act  as  a filter,  has  generally  prevented  damaging  concentrations 
from  reaching  the  waterways.  A hazard  is  present,  however,  when 
toxicants  are  handled  by  individuals  without  proper  training. 
Regulation  of  the  use  of  pesticides  should,  therefore,  be  continued 
by  control  agencies. 

The  logging  practice  of  clear-cutting  small  scattered  tracts 
will  cause  temporary  increases  of  1°  to  8°F.  (-.6°  to  4.4°C.)  in 
stream  temperatures  of  local  watersheds  until  sufficient  vegetative 
cover  is  restored  to  provide  stream  shade.  However,  these  increases 
have  had  little  effect  on  temperatures  of  major  streams  in  the 
basin,  and  no  identifiable  problems  have  resulted. 

Organic  litter  and  debris  are  carried  to  the  streams  from 
areas  in  forest  and  farmland  that  have  been  recently  disturbed. 

Some  of  this  material  floats  and  creates  unsightly  conditions 
while  some  settles  and  forms  troublesome  sludge  beds.  None  of 
these  aspects  have  been  identified  as  a cause  of  specific  problems 
now,  but  they  contribute  to  water  quality  degradation  and  mechani- 
cally affect  fish  passage.  The  effects  of  log  ponding  and  handling 
on  water  quality  need  further  study  and  definition.  Log  ponds  are 
a source  of  suspended  material  and  complex  organic  compounds  which 
may  generate  undesirable  color  and  odor. 

Recreation 

The  Willamette  River  and  all  of  its  tributaries  are  a part 
of  the  present  recreational  resources  of  the  basin.  Recreation  of 
one  type  or  another  is  continuous  at  some  locations  in  the 
mountains  ringing  the  basin  to  the  mouth  of  the  river.  Developed 
and  organized  recreational  installations  have  sanitary  facilities 
designed  to  protect  the  public  and  the  adjacent  waters.  Pit  privies 
or  central  facilities  discharging  to  septic  tanks  and  tile  fields 
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are  the  most  common  means  of  waste  disposal.  Increased  usage  of 
a park  area  is  frequently  followed  by  construction  of  improved 
sanitary  facilities. 


rr 

I 

1 


Sanitary  waste  facilities  are  usually  deficient  at  impro- 
vised recreation  sites  such  as  many  small  boat  landings,  water 
skiing  areas,  and  in  pleasure  boats  and  houseboats.  The  load, 
organic  and  bacterial,  from  these  sources  has  not  been  identified 
numerically,  but  its  importance  has  been  recognized. 

Regulations  governing  installation  of  sanitary  facilities 
are  generally  adequate,  but  are  difficult  to  enforce  because  of 
the  many  improvised  recreation  sites.  Some  principal  research 
activities  are  oriented  towards  improvement  of  disposal  facilities 
for  small  recreation  areas,  pleasure  craft,  and  houseboats. 

Navigation  and  Dredging 

Dredging  operations  have  little  effect  on  water  quality  in 
the  Willamette  Subregion  except  in  Portland  Harbor. 

Accidental  spills  and  bilge  pumping  are  significant  pollu- 
tional  sources,  as  evidenced  by  a serious  oil  spill  in  the  Portland 
Harbor  in  February  1968.  Continuous  dredging  of  sand,  silt,  and 
sludge  beds  is  required  in  the  lower  Willamette  River  to  facilitate 
navigation.  The  dredged  materials  are  utilized  in  the  Portland 
industrial  area  for  landfill;  consequently,  pollution  problems  are 
limited  to  the  immediate  area  of  the  disturbed  sludge  beds. 

The  river  is  intensively  used  for  transporting  logs  in 
rafts  to  mills.  The  pollutional  effects  of  this  practice  cannot 

be  fully  quantified  but  are  not  considered  to  be  great.  . 

J 

Present  Water  Quality 

Water  quality  is  both  a measure  of  the  usefulness  of  a 
stream  and  a consequence  of  the  nature  and  degree  of  existing 
use.  The  critical  period  of  water  quality  in  the  Willamette 
occurs  during  the  summer  months,  when  waste  production  is  high 
and  streamflows  are  low;  this  period  has,  therefore,  been  used 
to  described  present  quality. 

The  following  discussion  is  based  on  data  from  the  DEQ, 
joint  sanitary  surveys  by  the  FWQA  and  DEQ,  and  from  FWQA  moni- 
toring stations  in  the  Portland  Harbor  and  at  Oregon  City. 
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Main  Stem  Willamette  River 


The  Willamette  River  from  its  headwaters  to  Salem  is  a 
relatively  shallow  and  fast-moving  stream.  Dissolved  oxygen 
concentrations  throughout  this  stretch  are  near  saturation, 
ranging  from  8 to  9 mg/1  during  the  summer  months.  Below  Salem, 
and  particularly  from  Newberg  at  milepoint  50  to  the  mouth,  the 
channel  deepens,  and  dissolved  oxygen  levels  diminish.  A profile 
of  minimum  summer  dissolved  oxygen  levels  through  this  reach  of 
the  river  shows  progressive  degradation  from  Salem  to  the  mouth 
(figure  u2.) 
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FIGURE  92.  Dissolved  Oxygen  Profile  (Generalized),  Willamette 
River 


The  most  critical  oxygen  levels  occur  in  the  Portland 
Harbor,  where  average  summer  concentrations  range  from  3 to  4 mg/1 
with  historical  minimum  daily  readings  of  less  than  2 mg/1.  The 
harbor  has  a long  history  of  low  dissolved  oxygen  during  the 
months  of  July,  August,  and  September.  This  condition  also  per- 
sists through  Multnomah  Channel  (figure  93) . 

In  the  summer  of  1967,  one  of  the  lowest  years  of  record, 
dissolved  oxygen  concentrations  in  Portland  Harbor  were  well  below 
the  five  mg/1  objective  established  for  passage  of  salmonid  fish 
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species  through  the  harbor.  Since  1967,  regulation  has  improved 
and  these  conditions  have  not  reoccurred. 

The  Willamette  River  above  Harrisburg  is  characterized  by 
relatively  low  temperatures,  with  maximum  values  below  70°F. 
(21°C.)  and  average  values  from  S6°F.  to  65°F.  (13°  to  18°C.) 
during  the  summer  months . 


SUMMER  1967 


FIGURE  93.  Dissolved  Oxygen  Profi le--Summer  1967,  Willamette 
Ri  ver 


Below  Harrisburg,  temperatures  do  not  always  meet  fishery  require- 
ments, due  to  solar  radiation  on  the  exposed  river.  The  relation- 
ship of  temperature  in  Portland  Harbor  to  flows  during  summer 
months  is  shown  in  figure  94.  Maximum  temperatures  exceed  70°F. 
(21°C.)  and  averages  range  from  68°F.  to  71°F.  (20°  to  22°C.) 

Figure  95  presents  a bacteriological  profile  of  the 
Willamette  River.  The  bacteriological  quality  of  the  main  stem 
Willamette  below  Springfield  is  highly  variable  but  generally 
unsuitable  for  water-contact  recreation.  Total  coliform  densities 
throughout  the  main  stem  range  from  1,000  to  50,000  MPN  (most 
probable  number  of  coliform  bacteria  per  100  ml),  with  occasional 
maximums  as  high  as  70,000  MPN.  Most  levels  are  considerably 
above  the  bacteriological  limit  of  1,000  MPN  for  water-contact 
recreation. 
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SUMMER  1967 


FIGURE  94.  Temperature  and  Flow--Summer  1967,  Willamette  River 


RIVER  MILE 

FIGURE  95.  Coliform  Bacteria  Profile,  Willamette  River 


It  should  be  noted  that  the  main  peaks  occur  below  major 
service  areas  where  substantial  municipal  wastes  have  been  dis- 
charged. An  improvement  in  bacteriological  quality  below  Salem 
between  1963  and  1965  reflects  the  completion  of  secondary  waste 
treatment  facilities  with  improved  interception  of  wastes. 

However,  the  1965  profile  indicates  that  bacterial  levels  are  at 
present  unsatisfactory  for  water-contact  recreation  in  almost  the 
entire  main  stem  Willamette. 

A recent  cooperative  survey  by  the  DEQ  and  FWQA  showed  the 
sulfite  pulp  and  paper  operations  produce  inordinately  high  total 
and  fecal  coliform  counts. 

The  mineral  quality  of  the  main  stem  Willamette  is  uni- 
formly good  and,  even  under  the  most  stringent  criteria,  suitable 
for  all  uses.  The  surface  waters  of  the  Willamette  Subregion  are 
a calcium-magnesium  bicarbonate  type,  with  these  ions  making  up 
about  70  percent  of  the  total  dissolved  ions.  The  dissolved 
solids  content  of  the  river  ranges  from  less  than  40  mg/1  to  a 
maximum  of  about  85  mg/1.  Maximum  concentrations  of  dissolved 
solids  increase  from  Eugene  to  Portland,  but  are  well  within  the 
Public  Health  Service  drinking  water  standards.  Hardness  of  the 
water  is  generally  less  than  30  mg/1. 

Nitrogen  and  phosphorous  levels  are  well  below  the  maximum 
levels  listed  in  the  drinking  water  standards.  Phosphorous  con- 
centrations remain  well  below  0.01  mg/1.  However,  there  are 
enough  of  these  nutrients  to  promote  the  needed  growth  of  algae. 

Surface  waters  are  suitable  for  most  industries.  Industries 
that  require  waters  of  low  silica  content  would  have  to  use  treat- 
ment because  silica  concentrations  are  generally  in  excess  of 
10  mg/1.  For  some  industrial  uses,  treatment  would  be  required 
for  color  and  turbidity. 

Sediment  transport  and  suspended  organic  matter  such  as 
fiber  from  pulp  mills  create  periodic  water  quality  problems  in 
several  parts  of  the  Willamette  Basin.  In  periods  of  low  dis- 
charge, the  river  carries  almost  no  suspended  matter;  however, 
sediment  concentrations  increase  in  most  tributaries  and  in  the 
main  stem  in  times  of  high  runoff.  About  80  percent  of  the 
annual  sediment  discharge  usually  occurs  during  the  high  pre- 
cipitation and  runoff  period  (November  to  February).  Sediment 
discharge  is  less  uniformly  distributed,  with  respect  to  both 
time  and  area,  than  streamflow.  More  sediment  may  be  discharged 
by  one  flood  than  is  discharged  during  several  average  years. 

For  instance,  during  the  period  December  21-31,1964  the  total 
sediment  discharge  of  the  Willamette  River  at  Portland  was  6.6 
million  tons,  which  is  1.5  times  the  sediment  discharge  of  the 
entire  1963  water  year.  This  is  almost  three  times  the  annual 


average  discharge  of  2.3  million  tons.  The  highest  sediment 
concentration  observed  in  the  Willamette  River  has  been  2,050 
mg/1  at  Portland. 

Suspended  organic  matter  such  as  fiber  from  pulp  mills 
creates  water  quality  problems  in  the  Willamette.  Such  materials 
and  other  settleable  solids  from  pulp  and  paper  operations  add 
to  bottom  sludge  deposits  and  exert  a considerable  oxygen  demand 
on  the  lower  Willamette  and  Portland  Harbor. 

Biological  slimes,  including  Sphaeroti lus , create  nuisance 
conditions  for  sport  fishermen  in  the  lower  Willamette  by  fouling 
lines  and  destroying  fish  habitat.  These  growths  are  stimulated 
by  the  nutrients  present  in  pulp  and  papermill  effluents. 

Toxic  elements  and  compounds  are  not  normally  found  in  the 
Willamette  River.  Accidental  spills  and  errors  in  application  of 
sprays  and  chemicals  do,  however,  result  in  infrequent  and  local- 
ized  pollution  and  fish  kills.  Runoff  of  oil  from  streets, 
parking  lots,  and  garages  has  not  given  rise  to  critical  problems. 
Oil  spills  in  the  Portland  Harbor  have  been  detected,  and  violators 
prosecuted  under  the  provisions  of  the  Oil  Pollution  Act. 

Tributaries 

Most  of  the  tributaries  maintain  dissolved  oxygen  levels  of 
at  least  80  percent  saturation  throughout  the  summer  months,  and 
adequately  meet  fishery  objectives.  Average  summer  dissolved 
oxygen  concentrations,  except  for  several  problem  areas,  range 
from  about  7 to  10  mg/1.  The  only  tributary  streams  having  a 
major  depression  in  dissolved  oxygen  are  the  South  Santiam  and 
Tualatin  Rivers  and  Rickreall  Creek. 

The  South  Santiam  below  Lebanon  has  experienced  severe 
depressions  in  dissolved  oxygen  for  many  years,  and  does  not  meet 
dissolved  oxygen  objectives.  Minimum  levels  during  recent  summers 
have  ranged  from  four  to  less  than  one  mg/1  below  a pulp  mill  near 
Lebanon . 

Maximum  temperatures  of  over  70°F.  (21°C.),  with  peak 
temperatures  in  excess  of  80°F.  (27°C.),  occur  in  the  lower  reaches 
of  tributaries  originating  in  the  Coast  Range.  Major  tributaries 
from  the  Cascades  are  characterized  by  lower  temperatures,  gener- 
ally not  exceeding  70°F.  (21°C.). 

The  relatively  deep  reservoirs- - 1 ike  Detroit  and  Lookout 
Point--are  thermally  stratified  during  the  summer  with  temperatures 
ranging  from  70°F.  (21°C.)  at  the  surface  to  45°F.  (7°C.)  at  the 
reservoir  bottom. 
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The  bacteriological  quality  in  the  lower  reaches  of  most 
tributary  streams  is  unsatisfactory  for  swimming  and  other  vater- 
contact  recreation.  Only  the  Middle  Fork,  the  McKenzie,  and  the 
Clackamas  meet  bacterial  objectives  throughout  their  lengths.  The 
upper  reaches  of  most  tributaries--above  major  municipal  waste 
sources--are  of  excellent  bacteriological  quality. 

Mineral  quality  of  Willamette  tributaries  is  excellent  and 
suitable  for  all  uses.  The  waters  are  a calcium-magnesium 
bicarbonate  type  with  these  ions  making  up  about  70  percent  of 
the  total  dissolved  ions.  The  dissolved  solids  content  of  most 
streams  ranges  from  less  than  40  mg/1  to  a maximum  of  about  85 
mg/1.  Some  small  streams  on  the  valley  plain  that  receive  their 
base  flows  from  terrace  deposits,  particularly  the  Willamette 
Silt,  may  contain  dissolved  solids  in  excess  of  100  mg/1  during 
low-flow  periods.  The  major  streams  draining  the  Coast  Range 
are  slightly  more  mineralized  than  those  draining  the  Cascade 
Range,  but  the  chemical  composition  is  the  same. 

Suspended  sediment  concentrations  of  large  streams  in  the 
Willamette  Subregion  generally  range  from  less  than  10  mg/1  to 
about  400  mg/1  but  can  exceed  2,000  mg/1  during  major  floods. 

Some  concentrations  of  sediment  measured  in  Willamette  streams 
are  shown  in  table  123. 

Table  123  - Sediment  Concentrations  in  Willamette  Streams 
(as  of  1959),  Subregion  9 1/ 


Location  Concentration 

(ppm) 

Coast  Fork  Willamette  River  near  London  (above  dam)  400 

• Coast  Fork  Willamette  River  below  Cottage  Grove  Dam  260 

Row  River  near  Star  (above  dam)  330 

, ' Row  River  below  Dorena  Dam  130 

Willamette  River  at  Springfield  350 

McKenzie  River  240 

Marys  River  500 

Calapooia  River  340 

Santiam  River  503 

Luckiamute  River  410 

Willamette  River  at  Salem  400 

South  Yamhill  River  800 

Tualatin  River  390 

1/  Llliott  Flaxman,  SCS,  Proceedings,  Fifth  Symposium  PNW,  1959, 
WSPC,  USPHS. 
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Biological  slimes,  including  Sphaerotilus,  create 
nuisance  conditions  for  sport  fishermen  in  the  McKenzie  River 
by  fouling  lines  and  destroying  fish  habitat.  These  growths 
are  stimulated  by  the  nutrients  present  in  pulp  and  papermill 
effluents . 


Summary  of  Problems 

One  of  the  most  serious  water  pollution  problems  that 
exists  in  the  Pacific  Northwest  occurs  in  the  lower  Willamette 
River.  Under  low-flow  conditions,  discharges  of  industrial 
wastes  by  pulp  and  papermills  at  Oregon  City,  Newberg,  and  West 
Linn  result  in  dissolved  oxygen  depression.  The  affected  portion 
of  the  river  passes  through  the  most  densely  populated  part  of 
Oregon  and  serves  as  the  passageway  for  all  migratory  fish  that 
spawn  in  the  Willamette  system. 

Bacterial  concentrations  above  acceptable  levels  for 
water-contract  recreation  exist  in  the  Willamette  River  below 
Springfield.  Also,  there  has  been  an  increasing  prevalence  of 
Sphaerotilus  and  other  slime-like  growths  throughout  the  Willamette 
River. 

Periods  of  nearly  complete  oxygen  depletion  occur  annually 
in  the  South  Santiam  River  below  Lebanon  as  a result  of  waste 
effluents  from  a Lebanon  pulp  and  papermill  and  the  municipal 
secondary  treatment  plant.  The  river  is  completely  befouled,  and 
use  is  restricted  for  recreation,  fish,  and  water  supply.  Migra- 
tion of  anadromous  fish  is  significantly  hindered,  and  the  resi- 
dent summer  fishery  has  been  eliminated. 

The  Tualatin  River  receives  more  wastes  during  periods  of 
low  flow  than  can  be  assimilated  by  the  meager  amount  of  stream- 
flow.  The  growth  rate  and  flow  diversions  within  the  Tualatin 
area  have  resulted  in  poor  water  quality  conditions  in  spite  of 
a high  degree  of  treatment  of  waste  discharges.  Periods  of  low 
dissolved  oxygen,  bacterial  contamination,  slime  and  algal  blooms, 
and  contamination  by  toxicants  are  nearly  an  annual  occurrence. 

Uses  of  the  river  are  restricted  to  those  requiring  only  low- 
level  quality  water. 

Generalized  water  quality  problem  areas  are  shown  graphic- 
ally in  figure  96. 
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FUTURE  WATER  QUALITY  MANAGEMENT  NEEDS 


The  ensuing  discussion  of  future  needs  in  the  Willamette 
Basin  is  based  primarily  on  the  results  of  the  recently  completed 
Willamette  Basin  Comprehensive  Study  (Type  2).  While  the  basic 
information  and  economic  projections  used  in  that  study  differed 
somewhat  in  detail  and  scope  from  this  study,  the  resulting  water 
quality  implications  are  compatible.  As  a result,  a reanalysis 
of  data  was  not  made  for  this  study. 

Water  quality  in  the  Willamette  Basin  will  continue  to  be 
primarily  affected  by  municipal  and  industrial  wastes.  Future 
water  quality  management  needs  are  determined,  in  large  part,  by 
the  magnitude  of  such  future  waste  production.  Projections  of 
raw  waste  production  have  been  made  by  utilizing  population  and 
economic  data  developed  for  the  Willamette  Basin  Comprehensive 
Study  (Type  2).  Subregion  and  service  area  population  projections 
are  shown  in  table  124.  Municipal  and  rural  population  components 
are  shown  graphically  in  figure  97. 


Future  Waste  Production 


Municipal,  Industrial,  Rural-Domestic 


The  projections  of  raw  waste  production  are  given  in 
population  equivalents  (PF.)  for  the  years  1980,  2000,  and  2020  in 
table  125.  Industrial  waste  production  is  estimated  for  pulp  and 
paper,  lumber  and  wood  products,  food  products,  and  other  manu- 
facturing industries  by  service  area  and  subbasin  where  applicable. 
The  projected  raw  waste  loads  are  expressed  in  population  equiva- 
lents to  relate  different  waste  sources  to  a common  base.  This 
equivalency  applies  only  to  the  oxygen-demanding  properties  of  a 
waste . 


The  most  important  quality  effect  at  present  and  for  some 
time  in  the  future  is  the  demand  made  on  the  oxygen  resources  of 
the  river  system.  The  oxygen  demand  of  organic  wastes  is  the 
principal  drain  on  the  oxygen  in  water. 

Municipal  waste  sources  will  tend  to  become  more  concentra- 
ted in  the  four  large  service  areas  of  the  basin.  The  dominant 
source  of  municipal  wastes  will  continue  to  be  the  Portland 
Service  Area,  which  includes  the  urban  population  of  the  Tualatin 
Subbasin.  At  present,  approximately  51  percent  of  the  wastes 
generated  in  this  service  area  go  directly  to  the  Columbia  River, 
and  in  the  future  at  least  this  percentage  will  continue  to  be 
discharged,  after  treatment,  to  that  river. 


Table  124  - Projected  Population,  Subregion  9 1/  (10) 


i 

t 


i 


I 


1980 

2000 

(thousands) 

2020 

Upper  Willamette  Subbasin 

Eugene-Springfield  Service  Area 

a 212.4 

301.5 

438.9 

Municipal 

198.7 

288.0 

426.5 

Rural 

13.7 

13.5 

12.4 

Other 

70.1 

88.5 

125.1 

Municipal 

30.7 

50.5 

90.2 

Rural 

39.4 

38.0 

34.9 

Subtotal 

282.5 

390.0 

564.0 

Municipal 

229.4 

338.5 

516.7 

Rural 

53.1 

51.5 

47.3 

Middle  Willamette  Subbasin 

Albany-Corvallis  Service  Area 

98.7 

143.5 

210.5 

Municipal 

98.7 

143.5 

210.5 

Rural 

-- 

-- 

-- 

Salem  Service  Area 

160.7 

222.5 

311.6 

Municipal 

160.7 

222.5 

311.6 

Rural 

-- 

-- 

-- 

Other 

178.3 

190.0 

206.9 

Municipal 

87.6 

107.7 

134.6 

Rural 

90.7 

82.3 

72.3 

Subtotal 

437.7 

556 . 0 

729.0 

Municipal 

347.0 

473.7 

656.7 

Rural 

90.7 

82.3 

72.3 

Lower  Willamette  Subbasin 

Portland  Service  Area 

939.2 

1,320.2 

2,065.5 

Municipal 

939.2 

1,320.2 

2,065.5 

Rural 

-- 

-- 

-- 

Other 

108.1 

155.8 

232.5 

Municipal 

20.0 

52.3 

52.3 

Rural 

88.1 

123.5 

180.2 

Subtotal 

1,047.3 

1,476.0 

2,298.0 

Municipal 

959.2 

1,352.5 

2,117.8 

Rural 

88.1 

123.5 

180.2 

TOTAL  SUBREGION 

1,767.5 

2,422.0 

3,591.0 

Municipal 

1 ,535.6 

2,164.7 

3,291.2 

Rural 

231.9 

257.3 

299.8 

1/  The  municipal  population  is  defined  as  that  population  dis- 
charging wastes  to  a municipal  sewerage  system.  The  rural 
population  is  defined  as  the  residual. 
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FIGURE  97.  Projected  Population,  Subregion  9 
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Table  125  - Projected  Raw  Waste  Production,  Subregion  9 1/  (10) 


(waste  loads  in  PE's) 


Upper  Subarea 

Municipal 

286,900 

423,000 

645,800 

Industrial 

Pulp  § Paper 

900,000 

1,460,000 

1,820,000 

Food  Products 

200,000 

336,000 

500,000 

Lumber  5 Wood 

Products 

4,600 

3,900 

3,700 

Rural-Domestic 

53,100 

51,500 

47,300 

Middle  Subarea 

Municipal 

433,800 

592,100 

820,800 

Industrial 

Pulp  8 Paper 

957,000 

1,298,000 

1,611,000 

Food  Products 

969,000 

1,368,100 

1,959,000 

Lumber  5 Wood 

Products 

242,600 

304,600 

313,600 

Manufacturing 

2,200 

3,100 

4,800 

Rural-Domestic 

90,670 

82,300 

72,300 

Lower  Subarea 

Municipal 

1,195,100 

1,684,600 

2,637,300 

Industrial 

Pulp  8 Paper 

530 , 000 

728,000 

853,000 

Food  Products 

162,000 

228,000 

338 , 000 

Lumber  $ Wood 

Products 

167,000 

211,000 

219,000 

Manufacturing 

7,500 

14,000 

30,000 

Rural-Domestic 

88,100 

123,500 

180,200 

Total  Willamette  1 
Municipal 

lasin 

1,915,800 

2,699,700 

4,103,900 

Industrial 

Pulp  $ Paper 

2,387,000 

3,486,000 

4,284,000 

Food  Products 

1,331,000 

1,932,100 

2,797,000 

Lumber  I)  Wood 

Products 

414,200 

519,500 

536,300 

Manufacturing 

9,700 

17,100 

34,800 

Rural -Domestic 

231,870 

257,300 

299,800 

1 / Industrial  raw  waste  production  derived  from  growth  indices, 
with  consideration  given  to  expected  changes  in  in-plant 
processes  and  technology. 


. \ • 


( 


I 


In  the  Willamette  Basin,  the  pulp  and  paper  industry  dis- 
charges over  3/4  of  the  total  waste  load  to  the  stream  system. 
Since  the  accuracy  of  projected  flow  augmentation  needs  in  the 
river  system  rests  primarily  upon  the  soundness  of  industrial 
production  predictions,  projections  of  pulp  and  paper  waste  loads 
were  based  on  the  following  assumptions: 

1.  There  will  be  no  future  growth  in  sulfite  pulping. 

2.  Groundwood  and  sulfate  pulping  will  share  in  future 
growth  in  the  same  proportions  they  now  exhibit. 

3.  The  future  mix  between  bleached  and  unbleached  pulp 
will  equal  that  expected  for  the  Pacific  Northwest  by  2020  (90 
percent  bleached),  with  the  mix  over  the  intervening  years 
determined  by  linear  interpolation  from  the  present  mix. 

4.  The  locations  of  future  pulp  production  will  approxi- 
mate present  locations. 

5.  Future  increases  in  pulp  production  will  be  converted 
to  paper.  At  present,  the  basin  is  a net  exporter  of  pulp. 

6.  The  rates  of  production  of  oxygen-demanding  raw  wastes 
per  unit  of  product  are  based  on  the  assumption  that  proper  in- 
plant  controls  and  chemical  recovery  will  be  in  operation. 

The  food  products  industry  will  continue  to  grow  through- 
out the  basin,  and  the  canning  and  preserving  sector  is  expected 
to  increase  approximately  three  and  one-half  times  by  the  end  of 
the  projections  period.  It  should  be  noted,  however,  that  the 
food  products  waste  projections  do  not  reflect  this  expected 
increase  in  overall  production,  because  these  processing  wastes 
i can  largely  be  treated  by  the  same  systems  used  for  municipal 

' effluents.  Therefore,  it  is  expected  that  a greater  proportion 

of  these  wastes  will  be  treated  by  joint  municipal  facilities 
rather  than  by  separate  industrial  treatment  plants. 

The  lumber  and  wood  products  industry  is  expected  to 
decline  over  the  projection  period.  Since  this  industry  is  also 
required  to  provide  proper  treatment,  it  is  not  expected  to  have 
much  effect  on  overall  water  quality  in  the  basin. 

The  greatest  relative  increase  in  industrial  activity  is 
expected  to  occur  in  the  "other"  manufacturing  industries.  The 
potential  waste  problems  which  may  result  are  difficult  to 
quantify.  Much  of  the  growth  will  occur  through  the  establishment 
of  small  concerns  whose  waste  output  can  logically  be  handled  by 
municipal  treatment  facilities.  Again,  great  reliance  must  be 
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placed  on  the  water  pollution  control  authorities  to  assure  that 
all  wastes  from  these  diverse  sources  will  be  properly  handled. 


Presently,  five  fuel-fired  generating  plants  of  5,000  kilo- 
watts or  more  are  operating  intermittently,  using  river  water  for 
cooling  purposes.  They  are  operated  mainly  in  the  winter  when 
temperatures  are  low  and  streamflows  are  high.  These  plants  pose 
no  water  quality  problems  at  present,  and  are  not  expected  to 
create  any  in  the  future.  Potential  development  of  thermal-nuclear 
powerplants  needed  in  the  basin  will  require  careful  planning  to 
properly  preserve  water  resources  and  the  environment.  A number 
of  nuclear  powerplant  sites  are  being  studied.  A research  project 
is  currently  underway  to  determine  the  feasibility  of  using  water 
warmed  by  thermal  plants  to  beneficially  irrigate  farmland. 


Irrigation 

Irrigated  acreage  is  expected  to  expand  significantly 
throughout  the  basin.  Projections  show  that  the  1965  level  of 
244,000  acres  will  expand  to  430,000  acres  by  1980;  850,000  acres 
by  2000;  and  1,000,000  acres  by  the  year  2020.  Since  the  esti- 
mated land  available  for  agricultural  purposes  will  be  1,371,000 
acres  in  2020,  a very  high  dependence  on  irrigation  for  agricul- 
tural production  is  envisioned.  Because  of  the  climatic  regime 
and  irrigation  practices,  water  quality  problems  resulting  from 
return  flow  should  continue  to  be  minimal.  However,  seasonal 
low  streamflow  resulting  from  depletions  of  this  water  may  well 
affect  the  anility  of  the  water  resource  to  serve  the  needs  of 
the  fishery,  recreation,  and  water  quality  uses. 


Other  Land  Uses 

Projections  of  land  use  in  the  subregion,  by  major  types 
of  land,  are  shown  in  table  126. 


Table  126  - Present  and  Projected  Use  of  Land,  Subregion  9 (5)  (8) 


1966 

1980 

2000 

2020 

(thousands 

of  acres) 

Land  Use 

Cropland 

1 ,4S6 

1 , 384 

1 ,420 

1,250 

Irrigated 

(244) 

(417) 

(824) 

(970) 

Nonirrigated 

(1,212) 

(967) 

(596) 

(280)  1 

Forest 

5,272 

5,221 

5,056 

5,089 

Range  1/ 

59 

55 

50 

48 

Other  2/ 

816 

911 

1 ,031 

1,156 

Total 

7,603 

7,571 

7,557 

7,543  i 

1/  Docs  not  include 

forest  range. 

2/  Includes  barren 

land,  roads 

, railroads, 

, small  water  areas, 

urban  and  industrial  areas, 

farmsteads 

, airports, 

etc . 

£-* 
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Agricultural  Animals 


The  raw  organic  waste  production  by  the  livestock  popula- 
tion in  the  subregion  is  expected  to  be  equivalent  to  that  from 
a population  of  3,000,000  in  1980;  4,000,000  in  2,000;  and 
5,200,000  in  2020.  This  is  approximately  35  percent  of  the  esti- 
mated total  organic  waste  production  for  the  subregion.  Most  of 
the  waste  remains  on  the  land  and  decomposes  by  natural  processes 
It  is  expected  that  a larger  percentage  of  the  cattle  will  be  on 
feedlots  by  the  year  2020,  as  compared  to  those  presently  on  lots 
Animals  concentrated  in  feedlots  along  streams  cause  accelerated 
erosion  as  well  as  intensifying  to  potential  coliform  bacteria, 
nutrients,  and  biochemical  oxygen  demand  in  the  water 


Recreation 

The  projected  raw  production  by  recreation  activities  in 
the  subregion  is  summarized  as  follows: 


Year 

Population  Equivalents  1/ 

1970 

169.4 

1980 

229.0 

2000 

428.2 

2020 

801.2 

1 / Bureau  of  Outdoor  Recreation  and  U.S.D.A.  Forest  Service 
Projections  for  total  man  recreation  days  (TMRD) . 

In  the  determination  of  wastes  from  recreation  activities, 
the  population  equivalent  is  based  on  the  total  average  recreation 
i days.  The  values  represent  the  daily  raw  waste  production  for  a 

' typical  summer  weekend. 
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Water  Quality  Goals 

In  the  Willamette  Basin,  the  protection  and  enhancement  of 
instream  uses,  both  present  and  future,  determine  the  necessary 
future  demand  for  quality  control.  The  following  subbasin  pres- 
entations give  the  primary  considerations  for  future  protection 
of  the  water  resource  from  a quality  standpoint. 

Municipal  and  industrial  water  supplies,  production  of 
salmonid  fish,  and  recreation  are  the  principal  quality-demanding 
uses  in  the  Upper  Willamette  Subbasin.  Irrigation  and  stock 
watering,  uses  of  lesser  extent,  are  growing  fast  but  impose  no 
additional  quality  requirements. 

The  primary  watej:  quality  objectives  are  those  relating  to 
dissolved  oxygen,  temperature,  and  bacteria.  Maintenance  of  a 
dissolved  oxygen  level  of  at  least  7 mg/1  throughout  the  waters 
of  the  Upper  Subbasin  is  necessary  in  view  of  the  large  part  the 
area  plays  in  maintaining  salmon  runs.  In  spawning  areas, 
influences  that  result  in  a deviation  from  oxygen  saturation 
should  be  eliminated.  Except  in  the  lower  Long  Tom  River,  where 
natural  conditions  are  not  suitable,  summer  water  temperatures 
that  do  not  exceed  70  degrees  may  be  considered  a desirable 
fishery  objective;  the  warm-water  game  fish  in  the  lower  Long 
Tom  do  not  impose  as  strict  a temperature  requirement.  Bacterial 
concentrations  below  1,000  MPN  per  100  ml  should  be  established 
wherever  possible.  In  reservoirs  which  have  extensive  summer 
water-contact  recreation,  the  bacterial  objective  is  critical. 
Lowering  the  bacterial  density  of  the  Willamette  near  Eugene, 
in  particular,  would  provide  desirable  water-contact  recreation 
for  the  large  population  of  the  Eugene-Springfield  area. 

The  principal  quality-demanding  uses  of  water  in  the 
Middle  Willamette  Subbasin  are  for  salmonid  fish,  municipal  and 
industrial  water  supply,  and  recreation.  Considerable  irrigation 
demand  for  surface  water  also  exists. 

The  primary  water  quality  objectives  are  those  relating 
to  dissolved  oxygen,  temperature,  and  bacteria.  Maintenance  of 
a dissolved  oxygen  level  of  6 mg/1  in  all  waters  not  otherwise 
unsuitable  by  reason  of  temperature  is  necessary  to  fish  produc- 
tion. In  the  lower  stretches  of  Rickreall  Creek  and  Marys, 
Luckiamute,  Pudding,  Yamhill,  and  Calapooia  Rivers,  where  summer 
temperatures  customarily  exceed  70°P.,  at  least  6 mg/1  of  dissolved 
oxygen  are  required  in  order  to  accommodate  fish  passage  needs. 
Streams  providing  water-contact  recreation  should  maintain  bacterial 
concentrations  of  less  than  1,000  MPN  per  100  ml.  Attainment  of 
this  objective  in  the  Willamette  River  is  highly  desirable, 
because  the  river  has  a high  potential  to  meet  the  Middle  Sub- 
basin's water  recreation  needs  and  because  of  the  concentration 
of  population  along  its  banks. 
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The  Lower  Willamette  Subbasin  includes  the  Tualatin, 

Clackamas,  Columbia  and  Sandy  Basins.  As  in  the  Upper  and 
Middle  Subbasins,  the  principal  qual ity-demanding  uses  of  water 
are  for  the  passage  of  salmonid  fish,  municipal  and  industrial 
water  supply,  and  recreation.  Irrigation  demands  are  slight 
except  in  local  areas. 

Because  of  the  nature  of  uses,  the  primary  water  quality- 
objectives  for  the  Lower  Subbasin  arc  those  relating  to  dissolved 
oxygen,  temperature,  and  bacteria.  Maintenance  of  at  least  6 mg/1 
dissolved  oxygen,  and  saturation  where  possible,  in  the  entire 
Clackamas  and  Sandy  Rivers  and  in  the  reach  of  the  Tualatin  River 
above  Rock  Creek  (RM  38)  is  required  for  anadromous  fish  spawning. 

In  reaches  such  as  the  Tualatin  below  Rock  Creek  and  the  Willamette, 
where  natural  summer  temperatures  and  hydraulic  characteristics 
make  such  an  objective  unreasonable,  a minimum  of  5 mg/1  must  be 
maintained  to  permit  anadromous  fish  passage  to  higher  quality 
tributaries . 

The  maximum  temperature  criterion  for  anadromous  fish  life 
in  the  lower  Willamette  and  Tualatin  Rivers  is  70°F.  (21.1°C.). 

It  should  be  realized,  however,  that  such  a temperature  level 
will  be  difficult  to  maintain  in  the  lower  Tualatin  without  sub- 
stantial increases  in  flow.  On  all  reaches  of  streams  used  for 
water-contact  recreation,  bacterial  concentrations  should  not  be 
greater  than  1,000  MPN.  Attainment  of  this  objective  in  the 
lower  Willamette  and  lower  Tualatin  Rivers  will  help  to  realize 
the  recreation  potential  of  the  Lower  Subbasin.  For  decades, 
the  recreation  resource  has  suffered  because  of  poor  water  quality. 

; 

MEANS  TO  SATISFY  DEMANDS 

i Providing  water  quality  sufficient  to  adequately  serve 

' the  river  system's  functions  of  water  supply,  fish  habitat,  and 

recreation  will  require  a coordinated  program  of  waste  reduction, 
flow  regulation,  application  of  waste-controlling  techniques,  and 
a system  of  cooperative  management  of  the  watershed  for  pollution 
control.  Following  is  a summary  of  all  the  measures  necessary  to 
preserve  the  basin's  water  quality. 

A compelling  need  is  coordination  of  the  activities  of  all 
agencies  which  have  a responsibility  within  the  program.  Among 
these,  the  Department  of  Environmental  Quality  (DEQ)  and  the 
Environmental  Protection  Agency  (EPA ) are  the  paramount  state  and 
Federal  agencies  among  the  many  groups  having  either  a regulatory 
or  effective  interest  in  pollution  control  in  the  Willamette 
Basin. 


Waste  Treatment 


Waste  reduction  through  effective  treatment  is  the  critical 
requirement  for  an  effective  water  quality  management  program  in 
the  Willamette  Basin. 

The  implementation  and  enforcement  plan  for  the  public 
waters  of  the  State  of  Oregon  requires  that  all  municipalities 
and  industries  in  the  Willamette  Basin  provide  a high  level  of 
waste  treatment.  For  those  not  already  providing  secondary  treat- 
ment or  its  equivalent,  such  treatment  must  be  in  operation  bv 
July  1972. 

The  single,  most  necessary  element  to  end  existing  pollu- 
tion in  the  Willamette  Basin  is  the  immediate  installation  of 
waste  treatment  facilities  at  all  pulp  and  papermills  presently 
without  them,  together  with  equipment  to  condense  and  burn,  or 
otherwise  dispose  of,  sulfite  waste  liquors. 

Long-term  waste  treatment  needs  will  impose  a continuing 
requirement  for  treatment  plant  construction.  The  substantial 
growth  of  population  and  industrial  output  will  be  a source  of 
sustained  pressure  on  treatment  capabilities.  Obsolescence  of 
existing  plants  will  cause  treatment  needs  to  become  increasingly 
acute  during  the  early  1980 's  when  a large  number  of  plants 
built  in  the  late  1950's  and  early  1960's  will  require  replace- 
ment. In  most  areas,  higher  degrees  of  treatment  will  be  neces- 
sary; advanced  waste  treatment  is  fast  becoming  a necessity  in 
the  densely  populated  Tualatin  Basin. 


Treatment  Costs 


Curves  showing  the  total  construction  and  annual  operation 
and  maintenance  costs  of  municipal  sewage  treatment  plants  are 
presented  in  the  "Means  to  Satisfy  Demands"  section  of  the  Regional 
Summary. 


Other  Pollution  ontrol  Practices 

While  waste  treatment  and  flow  regulation  are  the  major 
measures  for  meeting  pollution  control  nceds--as  well  as  the  major 
source  of  future  capital  expenditures--additional  methods  of 
control  should  be  diligently  pursued. 

The  immediate  need  in  this  regard  is  for  the  City  of 
Portland  to  complete  its  system  of  trunk  sewer  interception  tt 
eliminate  discharges  of  untreated  wastes  into  Portland  Harbor. 
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The  municipality  is  actively  working  to  this  end;  interception 
costs  compose  the  major  portion  of  a $14  million  waste  control 
budget  adopted  in  1965. 

Measures  supporting  water  quality,  which  may  readily  be 
adopted  in  the  near  future,  include  the  stoppage  of  untreated 
waste  discharges  from  houseboats  and  oceangoing  commercial  vessels 
to  Portland  Harbor.  The  DEQ  has  statutory  authority  to  prohibit 
untreated  discharges,  and  the  FWPCA  has  completed  a study 
determining  the  extent  of  these  wastes  and  devising  means  of 
controlling  them.  The  DEQ  has  now  established  requirements 
with  deadlines  for  the  management  of  wastes  from  houseboats. 

The  control  of  fertilizers  and  commercial  toxicants  through 
careful  application  practices  is  of  more  than  passing  importance, 
in  view  of  their  increasing  use.  The  U.  S.  Department  of  Agri- 
culture, which  has  the  responsibility  for  regulation  of  such 
materials,  should  make  a major  effort--ideallv  through  the  county 
extension  agents--to  insure  that  use  practices  which  fully  reflect 
the  need  for  protection  against  all  types  of  environmental  pollu- 
tion are  adopted  by  the  individual  farmers  and  commercial  appli- 
cators. Soil-stabilizing  practices  must  continue  to  be  effectively 
promoted  for  agriculture,  logging  practices,  construction,  channel 
improvements,  and  other  activities  that  cause  or  affect  deposition 
of  soil  in  water  bodies.  In  particular,  soil  stabilization  should 
be  included  as  a condition  of  all  contracts  let  by  Federal  agencies 
and  by  contractors  engaged  in  work  where  Federal  grants  are  in- 
volved. The  responsibility  for  such  actions  is  imposed  upon 
Federal  agencies  by  the  terms  of  Executive  Order  11507:  Prevention , 

Control,  and  Abatement  of  Air  and  Water  Pollution  at  Federal 
Faci lities. 

Similar  controls  by  state  and  local  agencies  would  be  of 
great  value,  particularly  if  statutory authority  for  inspection 
and  summary  powers  of  abatement  were  awarded  to  the  DEQ.  Con- 
trols should  be  adopted  by  the  State  of  Oregon  to  prevent  free 
access  of  concentrated  animal  populations  (as  at  feedlots  and 
dairies)  to  banks  of  water  bodies.  Acceleration  of  the  City  of 
Portland's  program  to  control  urban  runoff  would  also  be  of  great 
value.  Economies  could  be  affected  by  incorporating  appropriate 
design  features  into  the  new  interceptor  sewer  systems  that  will 
be  constructed  in  the  near  future. 

Over  the  longer  term,  a systematic  handling  of  the  problems 
posed  by  urban  storm-water  runoff  and  combined  sewer  overflow  at 
waste  treatment  plants  must  be  undertaken.  The  major  need  in 
this  regard  is  development  of  methods.  The  cost  of  separating 
existing  combined  sewer  systems  is  so  great  that  it  docs  not  at 
this  time  represent  a practical  alternative.  Based  on  costs  per 


person  developed  in  national  studies,  about  $250  million  would  be 
required  for  the  Willamette  Basin. 


Minimum  Flow  Requirements 

Waste  treatment  alone  cannot  provide  the  level  of  quality 
that  is  desired  in  the  Willamette  Basin.  Because  of  the  associa- 
tion of  pollution  with  depleted  summer  flows,  augmentation  of  flow 
by  regulated  releases  from  basin  reservoirs  is  necessary  for  an 
effective  pollution  control  program. 

Flow  requirements  were  determined  by  mathematically  modeling 
the  dissolved  oxygen  system  of  the  Willamette  River.  The  model 
essentially  computed  the  oxygen  demand  that  the  projected  waste 
loadings  exerted  on  the  river  through  a series  of  river  reaches, 
and  determined  the  required  flows  to  satisfy  the  oxygen  demand 
and  still  meet  the  state  standards  for  dissolved  oxygen  in  each 
reach.  The  model  was  run  for  two  temperature  conditions,  the 
first  presuming  cold-water  releases  from  the  storage  reservoirs 
during  the  summer  operation;  the  second  presuming  ambient,  warm- 
water  releases  during  that  period.  Wastes  entering  the  stream 
for  each  projection  horizon  were  calculated  by  reducing  the  raw 
wastes  determined  from  the  economic  projections  by  an  assumed 
treatment  efficiency  level  which  would  be  in  effect. 

To  apply  this  model  to  future  conditions,  several  assump- 
tions were  necessary,  certain  of  which  were  outlined  below  to  show 
some  of  the  limitations  and  areas  for  future  refinement  of  the 
present  analysis.  Growth  of  the  major  waste-producing  industries 
was  assumed  to  occur  in  the  same  pattern  as  existed  in  1965. 

Except  for  the  pulp  industry,  relative  unit  waste  loads  were 
expected  to  persist  as  at  present.  For  those  industries  that 
presently  do  not  discharge  their  wastes  into  the  Willamette  River 
because  of  use  of  lagoons  or  land  application,  it  was  assumed 
that  future  residual  wastes,  following  adequate  treatment,  would 
be  discharged  to  the  river  system.  Oxygen  content  of  treated 
effluents  and  levels  of  removal  of  BOD  from  domestic  and  industrial 
wastes  were  assumed  to  be  the  following: 


Willamette  Basin,  Except  for  Tualatin  Basin 


1980 


1000 


2020 


BOD  removal 
DO  in  effluent 


85° 

1 mg/1 


90% 

1 mg/1 


90% 

5 mg/1 


It  was  assumed  that  effluents  containing  industrial  wastes 
would  have  no  dissolved  oxygen  in  1980. 
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1980 

2000 

2020 

BOD 

BOD 

BOD 

Removal 

Removal 

Removal 

Non-Urban  Tualatin  Basin 

Forest  Grove 

90% 

90% 

95% 

Hillsboro 

90% 

90% 

95% 

Cornelius 

90% 

90% 

95% 

Others 

90% 

90% 

95% 

Urban  Tualatin  Basin 

Beaverton  area 

90% 

95% 

95% 

Fanno  Creek  area 

95% 

95% 

95% 

The  projected  flows 

required 

for  water  quality 

for 

the 

Willamette  system  are  summarized  in 

table  127.  Increased 

f 1 ows 

are  needed  in  the  main  stem 

Willamette  in  the  vicinity 

of 

Albany 

and  in  Portland  Harbor.  Tributaries 

having  projected 

flow 

needs 

are  the  Yamhill,  Pudding,  South  Santiam,  and  Tualatin 

Rivers , 

and  Rickreall  Creek.  These 

areas  are  discussed  briefl 

v below. 

The  Yamhill  River's  flow  regulation  need  is  significant  in 
light  of  an  extensive  appropriation  of  water  rights  and  the 
development  of  the  Red  Prairie  Project  of  the  U.S.D.I.  Bureau  of 
Reclamation,  which  is  expected  to  increase  the  use  of  the  river 
for  irrigation.  Existing  water  rights,  if  exercised,  would 
deplete  the  flow  of  the  river  entirely  during  low-flow  periods. 

Part  of  the  water  quality  objectives  could  be  achieved  from 
storage  in  the  proposed  Red  Prairie  Project.  It  is  assumed  that 
the  remaining  flows  required  would  be  derived  from  other  storage 
constructed  in  the  Yamhill  Basin. 

Need  for  flow  augmentation  is  indicated  also  for  the  Pudding 
River.  It  was  assumed  that  the  food  industry,  which  currently 
utilizes  land  disposal  for  its  wastes,  would  expand  according  to 
the  industrial  growth  index  for  the  Middle  Willamette  Subbasin 
and  by  1980  would  discharge  treated  waste  effluent  to  the  Pudding 
River . 


The  South  Santiam  River's  flow'  regulation  requirements 
arise  as  a result  of  the  waste  discharges  of  a pulp  and  paper 
plant  at  Lebanon.  The  municipalities  and  industries  along  the 
river,  including  the  pulp  and  paper  plant,  provide  a high  level 
of  waste  treatment;  the  DEQ  has  instructed  the  pulp  mill  to  limit 
its  summer  waste  discharges  to  about  five  percent  of  the  original 
strength  of  its  gross  waste  production. 

Projected  flow  requirements  for  the  North  Santiam  are 
based  on  the  assumption  that  industry  would  expand  in  proportion 
to  the  indexes  shown  for  the  Middle  Willamette  Subbasin  and  would 
discharge  treated  effluents  to  the  river  system.  A very 
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substantial  industrial  waste  load  presently  is  retained  in  lagoons 
or  is  used  for  irrigation  of  crops.  The  largest  projected  waste 
load  in  the  North  Santiam  Basin  is  from  the  cannery  industry.  If 
the  projected  growth  is  realized,  the  future  minimum  flow  require- 
ments for  the  North  Santiam  will  approximate  the  present  one-in- 
ten-year  low  flow  of  the  stream. 

The  Tualatin  River's  need  for  augmented  summer  flows  is 
perhaps  the  most  immediate  and  pressing  in  the  Willamette  Basin. 

The  average  level  of  waste  reduction  already  exceeds  90  percent, 
but  dissolved  oxygen  in  the  lower  river  consistently  drops  well 
below  5 mg/1.  Depletion  of  summer  flows  is  a factor  contributing 
to  this  problem.  Examination  of  other  water  quality  parameters 
exhibits  an  equally  dismal  picture.  Any  long-term  solution  to 
the  water  quality  problems  in  the  Tualatin  will  result  from  the 
integration  of  waste  treatment  and  a suitable  minimum  flow  regime. 

Analysis  of  Portland  Harbor  showed  that  required  water 
quality  flows  were  rather  insensitive  to  upstream  treatment  levels, 
while  the  harbor  hydraulic  characteristics  and  benthic  loading 
exerted  significant  effects.  Flows  derived  from  the  model  under- 
stated the  demands  of  these  undefined  factors,  requiring  further 
study  to  account  for  them  in  the  recommendations.  The  reanalysis 
resulted  in  flow  requirements  during  July  and  August  through 
Portland  Harbor  of  6,200  cfs  in  1980;  6,300  cfs  in  2000;  and 
7,500  cfs  in  2020. 

Meeting  these  flow  needs  will  require  storage  releases 
from  upstream  Willamette  reservoirs.  Portland  Harbor  flows  will 
probably  control  regulation  requirements  for  water  quality  con- 
trol in  the  Willamette  system.  Achievement  will  be  complex  because 
of  conflicting  water  uses  and  the  operational  schedules  of  reser- 
voirs that  came  into  being  before  water  quality  control  was  a 
legally  sanctioned  function  of  Federal  storage  projects. 

Authorized  purposes  of  the  Willamette  Basin  Project  reser- 
voirs are  flood  control,  navigation,  power  generation,  and 
irrigation.  The  Army  Corps  of  Engineers,  in  their  1947  authorizing 
report,  expressed  their  intent  to  manage  the  system  in  a manner 
that  would  provide  a minimum  navigation  flow  at  Salem  of  5,500 
cfs  upon  completion  of  all  authorized  projects.  This  minimum 
level  of  flow  has  been  the  basis  used  by  the  DEQ  in  establishing 
its  policies  with  regard  to  waste  discharges  into  the  Willamette. 
Maintenance  of  a comparable  flow  through  Portland  Harbor  would 
meet  the  water  quality  objectives.  In  particular,  it  would  assure 
maintenance  of  a DO  concentration  of  5 mg/1,  which  is  needed  to 
maintain  salmon  runs. 
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Management  Practices 


Measures  necessary  to  abate  water  pollution  in  the  Willamette 
Basin  are  straightforward,  but  they  are  not  in  themselves  sufficient 
to  guarantee  the  maintenance  of  water  quality.  Continuing  manage- 
ment decisions  and  procedures  with  clearly  defined  responsibilities 
among  those  interests  concerned  with  water  quality  and  water  pol- 
lution control  will  also  be  necessary. 

The  DEQ  and  FWQA  are  the  agencies  with  primary  responsibility 
for  water  pollution  control.  These  two  agencies  must  have  full 
participation  in  reaching  decisions  related  to  water  use  and 
management  which  affect  water  quality  control, 
t 
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SUBREGION  10 
COASTAL 


INTRODUCTION 

Subregion  10  extends  from  the  California  border  to  the 
northern  tip  of  the  Olympic  Peninsula,  a distance  of  500  miles. 

It  covers  an  area  of  23,763  square  miles  in  the  states  of  Oregon 
and  Washington.  Hilly  to  mountainous  terrain  is  continuous  from 
the  Strait  of  Juan  de  Fuca  to  the  Siskiyou  Mountains.  About  one- 
half  of  the  snowcapped  Olympic  Mountains  and  the  Coast  Range  plus 
part  of  the  southern  Cascade  Range  and  Siskiyous,  are  in  the 
subregion.  Elevations  range  from  sea  level  to  nearly  10,000  feet, 
although  elevations  are  generally  below  3,000  feet.  With  the  ex- 
ception of  the  Rogue,  Umpqua,  and  Chehalis  Valleys,  the  valleys 
are  usually  narrow,  widening  only  within  a few  miles  of  the 
Pacific  Ocean. 

The  area  is  characterized  by  a mild,  moist  climate.  Tem- 
perature is  modified  greatly  by  the  Pacific  Ocean.  Hourly  and 
daily  temperature  ranges  arc  small,  and  extremes  rarely  occur. 
With  the  exception  of  the  interior  valleys,  temperatures  seldom 
drop  below  0°  F.  (-17.8°  C.)  and  rarely  exceed  100°  F.  (37.8°  C.). 
Precipitation  totals  vary  from  20  to  200  inches,  most  of  which 
falls  in  the  form  of  rain  from  October  through  March  with  little 
in  July  and  August. 

The  principal  economic  force  is  timber  harvesting  and  pro- 
cessing although  commercial  fishing,  recreation,  and  agriculture 
also  are  important.  Outstanding  recreational  attractions  abound 
throughout  the  coastal  areas  of  Oregon  and  Washington.  Beginning 
with  the  Olympic  National  Park  and  extending  southward  to  the 
southern  Oregon  beaches  are  the  most  popular  and  well-developed 
recreation  resources  of  the  Columbia-North  Pacific  Region. 

The  population  was  about  425,800  people  in  1965,  of  whom 
41  percent  live  in  the  five  major  service  areas.  The  larger  towns 
are  generally  located  along  bays  or  in  the  interior  along  major 
streams.  There  is  much  rural  land,  resulting  in  an  overall 
low  density  of  settlement.  Along  the  coast  of  Washington  are  six 
small  Indian  reservations. 

The  Coastal  Subregion  is  divided  into  the  Rogue,  Umpqua, 
Other  Oregon  Coastal  Areas,  and  Washington  Coastal  Subbasins. 
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The  major  service  areas  are  the  Medford,  Coos  Bay,  Astoria, 
Chehalis-Centralia,  and  Aberdeen  areas. 
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PRESENT  STATUS 

Municipalities  and  industries  are  the  most  important 
sources  of  organic  wastes  in  the  Coastal  Subregion.  A graphical 
summary  of  the  municipal  and  industrial  waste  production  and  dis- 
charge is  presented  for  each  subbasin  in  figure  98.  The  pulp  and 
paper  industry  accounts  for  about  87  percent  of  the  total  waste 
discharge.  Land  use  and  management  practices  and  runoff  from 
agricultural  animals  are  also  significant  pollution  sources. 
Navigation  and  dredging  operations,  irrigation  diversions,  and 
return  flows  have  resulted  in  localized  problems. 

The  economy  of  subregion  10  is  dependent  upon  good  quality 
water.  High  quality  water  in  the  ocean,  its  estuaries,  and  its 
rivers  provides  the  major  attractions  which  bring  tourists  and 
recreationists  into  the  area.  The  most  commonly  encountered 
water  quality  problems  include  high  coliform  bacterial  counts, 
high  temperatures,  and  high  nutrient  levels.  A few  instances  of 
low  dissolved  oxygen  are  found,  and  high  turbidities  and  sedimen- 
tation are  experienced  during  some  periods  of  the  year. 


Stream  Characteristics 

Some  21  moderately  sized  streams  discharge  from  the  sub- 
region  into  the  Pacific  Ocean.  The  largest  of  these  are  the 
Rogue,  Umpqua,  and  Chehalis  Rivers.  Some  of  these  streams  flow 
into  bays,  while  others  empty  directly  into  the  Pacific  Ocean. 

The  average  annual  runoff  amounts  to  about  87,000  cfs 
(.65.5  million  acre-feet) --the  largest  of  any  subregion  in  the 
Columbia-North  Pacific  Region.  This  provides  an  average  discharge 
of  5.7  cfs  per  square  mile--the  second  highest  rate  of  runoff  in 
the  region. 


Surface-hater  Hydrology 


The  discharge  pattern  of  streams  in  the  coastal  area  coin- 
cides with  the  precipitation  pattern.  Maximum  flows  occur  during 
the  months  of  December,  January  and  February--a  direct  result  of 
runoff  from  precipitation  and  melting  snow.  Minimum  flows  occur 
in  August  and  September.  However,  streams  draining  the  glacial 
areas  of  the  Olympic  Peninsula  maintain  relatively  high  flows 
even  during  August  and  September.  In  terms  of  volume,  over  SO 


percent  of  the  average  annual  yield  occurs  during  the  six  wet 
months.  Table  128  presents  average  monthly  discharge  data  for 
selected  stations. 

From  the  standpoint  of  waste  discharge  control,  the  low- 
flow  months  of  July,  August,  September,  and  October  are  the  most 
important.  Throughout  the  subregion,  August  and  September  are 
the  most  critical  months  because  this  is  the  time  of  year  when 
lowest  flows  coincide  with  maximum  consumptive  uses.  Average 
runoff  during  August  and  September  amounts  to  only  two  percent  of 
the  yearly  total,  and  problem  areas  occur  in  tidal  zones  and  in 
the  inland  Rogue,  Umpqua,  and  Chehalis  valleys.  One-in-ten-year 
low  flows  are  the  selected  recurrence  frequency  for  prediction  of 
critical  low  flows.  These  data  for  selected  stations  are  summa- 
rized in  table  129. 


Impoundments  and  Stream  Regulation 

Major  impoundments  constructed  or  authorized  for  irriga- 
tion, flood  control,  power,  recreation,  water  supply,  and  fishery 
enhancement  include  Lost  Creek,  Elk  Creek,  and  Emigrant  and  Apple- 
gate  Reservoirs  in  the  Rogue  River  system.  Another  large  impound- 
ment for  municipal  and  industry  water  supply  -and  flood  control  is 
on  the  Wynoochee  River.  In  addition,  there  are  a number  of  power 
plants  in  the  Umpqua  and  Rogue  River  systems. 


Ground -Water  Characteristics 

Ground-water  resources  of  the  subregion  are  limited  in  ex- 
tent and  use.  The  major  ground-water  reservoirs  are  the  alluvial 
and  beach  deposits  making  up  river  flood  plains,  terraces,  and 
coastal  lowlands.  In  the  southern  interior  permeable  volcanic 
formations  located  in  the  higher  Cascades  form  good  aquifers. 
However,  most  of  the  subregion  is  made  up  of  relatively  impervious 
sediments  and  volcanics  yielding  only  small  to  moderate  amounts 
of  water. 

Alluvial  deposits  in  the  Medford  area  of  the  Rogue  Subbasin 
and  dune  deposits  along  the  coast  provide  yields  of  up  to  500 
gallons  per  minute  (gpm)  to  individual  wells  without  excessive 
drawdown.  Glaciof luvial  and  glacial  outwash  deposits  in  the  Che- 
halis Valley  provide  yields  of  50  to  200  gpm.  Other  smaller 
areas  have  limited  aquifers  with  known  productivities  of  up  to 
2,000  gprn  per  well.  However,  the  major  portion  of  the  subregion 
yields  less  than  20  gpm  per  well  without  exceeding  the  allowable 
draw  upon  the  aquifer. 


Table  129  - One-in- Ten-Year  Low  llows.  Subregion  10  (12) 

One- i n-Ten-Ycar 
Low  Flows 


Stream  and  Location  (cfs)  1/ 

Nehalem  River  near  Foss,  Oregon  SO 
Wilson  River  near  Tillamook,  Oregon  66 
Siletz  River  at  Siletz,  Oregon  67 
Alsea  River  near  Tidewater,  Oregon  75 
South  Umpqua  River  near  Brockway,  Oregon  70 
North  Umpqua  River  near  Toketee  Falls,  Oregon  250 
Umpqua  River  near  Elkton,  Oregon  810 
South  Fork  Coquille  River  near  Powers,  Oregon  17 
Coquillc  River  at  Coquille,  Oregon  65 
Rogue  River  at  Dodge  Bridge,  Oregon  720 
Rogue  River  at  Grants  Pass,  Oregon  690 
Illinois  River  at  Kerby,  Oregon  21 
Rogue  River  at  Gold  Beach,  Oregon  900 
Naselle  River  near  Naselle,  Washington  27 
North  River  near  Raymond,  Washington  65 
Chchalis  River  near  Grand  Mound,  Washington  125 
Satsop  River  near  Satsop,  Washington  210 
Wynoochce  River  near  Aberdeen,  Washington  90 
Quinault  River  at  Quinault  Lake,  Washington  550 
lloh  River  near  Forks,  Washington  550 
Soleduck  River  near  Fairholm,  Washington  60 


1/  Period  of  one  month. 


The  chemical  quality  of  water  from  aquifer  units  in  the  sub- 
region  differs  considerably.  Waters  from  the  younger  alluvial 
aquifers  which  furnish  most  large  ground-water  supplies  generally 
have  low  dissolved  solids,  seldom  exceeding  250  mg/1.  The  water 
is  most  often  a soft  to  moderately  hard,  calcium-magnesium  bicar- 
bonate type.  However,  high  iron  concentrations  are  a problem  in 
many  supplies.  The  waters  in  the  older  volcanic  or  sedimentary 
aquifer  units  are  more  highly  mineralized,  although  the  dissolved 
solids  level  is  usually  less  than  500  mg/1.  In  addition,  water 
at  deptli  in  the  sedimentan  units  is  commonly  saline,  and  saline 
water  is  encountered  within  100  feet  of  the  surface  in  certain 


locations.  The  volcanic  and  sedimentary  aquifers  are  extensivel> 
used  for  domestic  or  small  public  and  industrial  purposes. 
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Pollution  Sources 

The  municipal  and  industrial  waste  treatment  in  the  sub- 
region  is  summarized  by  basin  in  table  130. 

At  present,  municipalities  and  industries  produce  wastes 
equivalent  to  those  from  a population  of  approximately  4.6  million 
persons.  Of  this  total,  87.9  percent  is  generated  by  the  pulp  and 
paper  industry,  7.4  percent  by  municipalities , 1.6  percent  by  the 
lumber  and  wood  products  industry,  and  3.1  percent  by  the  food- 
processing industry. 

Waste  treatment  and  other  means  of  waste  reduction  de- 
crease the  normal  waste  load  to  the  subregion's  waters  by  about 
62  percent  so  that  1.76  million  PI  actually  reach  waterways. 


Other  significant  sources  of  pollution  include  wastes  from 
the  rura 1 -domest ic  population,  irrigation,  agricultural  animals, 
land  use  and  management  practices,  navigation  and  dredging,  and 
natural  sources.  Land  use  and  waste  drainages  from  agricultural 
animals  are  probably  the  most  important  of  these,  since  they  con- 
tribute to  sedimentation  and  coliform  bacteria. 


Municipalities 

Rogue  Subbasin  Municipal  waste  treatment  practices  in  the 
Rogue  Subbasin  are  generally  adequate.  An  average  reduction  of 
73  percent  in  the  biochemical  oxygen  demand  is  accomplished  so 
that  about  33,370  PL  are  discharged  to  waterways.  Of  the  ten  com- 
munities with  waste  collection  and  treatment  facilities,  eight  have 
adequate  secondary  treatment  or  lagoons.  The  remaining  communities 
operate  primary  waste  treatment  plants. 


In  the  upper  Rogue  River  Valley,  the  Medford  Service  Area 
represents  a major  municipal  waste  source.  A waste  loading  of 
about  3,600  li  is  normally  discharged  from  the  service  area  to 
Bear  Creek  and  tin  Rogue  River.  However,  from  August  to  October, 
food-processing  wastes  discharged  to  the  municipal  system  of  Ash- 
land and  Medford  result  in  a waste  loading  of  over  25,000  PL. 
During  this  period,  about  9,000  PL  are  released  to  Bear  Creek,  and 
the  remainder  is  released  to  the  Rogue  River.  All  communities  in 
the  area  operate  secondary  waste  treatment  plants  or  waste  stabi- 
lization ponds. 

The  City  of  Grants  Pass  discharges  an  organic  waste  loading 
of  5,000  PL  to  the  Rogue  River  from  a secondary  treatment  plant  in 
need  of  upgrading. 


Other  communities  in  the  inland  areas  of  the  Rogue  Subbasin 
account  for  only  minor  waste  loadings.  Generally,  secondary  treat- 
ment or  lagoons  are  employed  for  waste  treatment.  However,  a num- 
ber of  towns,  the  largest  of  which  are  Rogue  River  and  Fruitdale, 
do  not  have  sewer  systems. 

The  communities  of  Gold  Beach  and  Brookings,  which  dis- 
charge 1,800  and  2,100  PE,  respectively,  from  primary  treatment 
plants,  are  the  principal  municipal  waste  sources  in  the  coastal 
area  of  the  subbasin.  The  Oregon  Water  Quality  Standards  require 
that  these  communities  install  secondary  treatment  by  July  1972. 

Umpqua  Subbasin  An  average  reduction  of  about  60  percent 
in  the  municipal  organic  waste  loading  is  accomplished,  so  that 
about  29,570  PE  are  released  to  the  subbasin's  waterways.  Of  the 
19  municipal  systems  in  the  subbasin,  12  operate  efficient  second- 
ary treatment  plants.  Six  communities  provide  primary  treatment 
plants,  and  one  has  no  waste  treatment. 

The  Coos  Bay  Service  Area  (which  includes  the  communities 
of  Coos  Bay,  North  Bend,  Empire,  and  Easts ide  and  the  Bunker  Hill 
Sanitary  District)  is  the  largest  municipal  waste  source.  A total 
oxygen-demanding  waste  load  of  about  15,5S0  PE  is  released  to  Coos 
Bay.  The  prevailing  level  of  waste  treatment  in  the  area  is  pri- 
mary. The  Oregon  Water  Quality  Standards  require  that  all  muni- 
cipal systems  in  the  area  upgrade  to  secondary  treatment  bv  Julv 
1972. 

The  major  municipal  waste  sources  in  the  inland  area  of  the 
Umpqua  drainage  are  located  along  the  South  Umpqua  River  and  its 
tributaries.  All  communities  in  this  area  operate  adequate  second- 
ary treatment  plants  and  represent  a combined  waste-water  loading 
of  about  4,900  PE.  The  City  of  Roseburg  is  the  principal  waste 
source,  discharging  2,400  PE  to  the  South  Umpqua. 

In  the  Coquillc  drainage,  the  communities  of  Myrtle  Point, 
Coquille,  and  Bandon  arc  the  major  waste  sources.  These  communi- 
ties discharge  1,500,  2,800,  and  1,S00  PE,  respectively,  to  the 
Coquille  River.  Only  Myrtle  Point  provides  adequate  secondary 
treatment,  although  the  facility  needs  a secondary  clarifier.  At 
present,  Coquillc  has  primary  treatment,  and  Bandon  has  no  type  of 
waste  treatment.  The  Oregon  Water  Quality  Standards  call  for 
secondary  treatment  at  Coquille  by  Julv  1972.  Secondary  treatment 
is  planned  at  Bandon  as  soon  as  financing  can  be  arranged. 

The  community  of  Reedsport  discharges  about  5,000  PE  of  raw 
domestic  sewage  in  the  Winchester  Bay  aria.  The  Oregon  Water 
Quality  Standards  require  secondary  treatment  by  December  1968. 
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Other  Oregon  Coastal  Areas  Subbasin  The  average  reduction 
in  biochemical  oxygen  demand  in  this  portion  of  the  subregion  is 
about  45  percent,  resulting  in  an  organic  waste  loading  to  water- 
ways of  about  26,610  PL.  Of  the  18  communities  served  by  munici- 
pal waste  systems,  six  provide  secondary  waste  treatment,  five 
operate  primary  waste  treatment  plants,  three  have  waste  stabili- 
zation ponds,  and  four  have  no  waste  treatment  facilities. 

The  Astoria  Service  Area,  which  includes  the  communities 
of  Astoria  and  IVarrenton,  is  the  largest  municipal  waste  source, 
discharging  about  15,100  PE  of  raw  sewage  to  the  Columbia  River. 

The  Oregon  Water  Quality  Standards  call  for  secondary  treatment 
or  the  equivalent  by  December  1970. 

Other  important  municipal  waste  sources  arc  in  the  Seaside, 
Rockaway,  Tillamook,  Newport -Toledo,  Lincoln  City,  and  Florence 
areas.  In  general,  wastes  from  these  areas  are  released  to  streams 
shortly  before  the  streams  enter  a bay  or  the  ocean.  Secondary 
treatment  facilities  are  operated  by  all  communities  in  these 
areas  except  Toledo  and  Florence.  The  Oregon  Water  Quality  Stan- 
dards require  that  secondary  waste  treatment  be  provided  at  Toledo 
by  Julv  1970  and  at  Florence  bv  Julv  1972. 


The  remaining  communities  in  the  subbasin  with  municipal 
waste  collection  systems  represent  relatively  minor  pollution 
sources.  Only  Garibaldi  with  primary  waste  treatment  and  Wheeler 
and  Nehalem  with  no  treatment  provide  less  than  adequate  treat- 
ment. The  Oregon  Water  Quality  Standards  require  secondary  treat- 
ment or  the  equivalent  for  these  communities. 

Washington  Coastal  Suhhasin  The  average  reduction  in  the 
biochemical  oxygen  demand  in  this  subbasin  is  about  67  percent, 
resulting  in  an  organic  loading  of  about  52,950  !'!  to  waterways. 

Of  the  15  communities  served  by  municipal  systems,  eight  provide 
primary  waste  treatment,  three  operate  secondary  waste  treatment 
plants,  and  four  have  waste  stabilization  ponds. 

The  major  municipal  waste  source  is  the  Aberdeen  Service 
Area,  which  includes  Aberdeen,  iloquiam,  and  Cosmopolis.  These 
communities  discharge  a normal  waste  loading  of  about  17,400  PL 
to  Grays  Harbor.  Cosmopolis  and  Aberdeen  have  primary  treatment 
plants,  and  Iloquiam  employs  a waste  stabilization  pond.  The 
Washington  Water  Quality  Standards  call  for  secondary  treatment 
at  Aberdeen  and  Cosmopolis  and  disinfection  and  outfall  facilities 
at  Iloquiam.  These  facilities  will  be  constructed  as  soon  as 
planning  can  be  completed  and  financing  arranged. 


The  Chehalis-Centralia  Service  Area  is  also  an  important 
municipal  waste  source.  The  communities  of  Chehulis  and  Centralia 
release  about  4,000  and  1,200  PE,  respectively,  to  the  Chehalis 
River  after  secondary  treatment.  The  Chehalis  municipal  system 
receives  wastes  from  several  year-round  food-processing  firms.  In 
addition,  from  July  to  August,  the  system  handles  wastes  from  the 
National  Fruit  Canning  Company,  which  result  in  an  increase  to 
about  6,800  PE  in  the  waste-water  strength. 

The  only  other  significant  municipal  waste  sources  are 
several  communities  along  the  Chehalis  River  and  its  tributaries 
and  in  the  Willapa  Bay  area.  Most  of  the  communities  have  at 
least  primary  waste  treatment,  and  several  provide  lagoons  or 
secondary  treatment.  The  Washington  Water  Quality  Standards  call 
for  secondary  treatment  at  Montesano,  Raymond,  and  Westport  by- 
September  30,  1971;  mid-1969;  and  December  31,  1969,  respectively; 
and  disinfection  of  the  effluent  from  lagoons  at  Raymond  and  South 
Bend  by  mid-1969. 

Industries 

Rogue  Subbasin  Industrial  waste  production  in  the  Rogue 
Subbasin  is  comparatively  small  the  major  industrial  waste  sources 
arc  the  forest  products  and  food-processing  industries.  These  in- 
dustries discharge  15,270  and  480  PE,  respectively,  to  subbasin 
waterways . 

The  Medford  Service  Area  accounts  for  57  percent  of  the 
industrial  waste  loading.  Plywood  mills  and  several  sawmills  in 
the  area  discharge  about  7,650  PE  to  Bear  Creek.  The  food-process- 
ing industry  generally-  utilizes  septic  tanks  and  subsurface  dis- 
posal so  that  the  waste  load  reaching  streams  is  minor.  Several 
food-processing  industries  also  release  wastes  to  municipal  sewer 
systems . 

Industries  in  the  Grants  Pass  area  discharge  3,210  PE  to 
the  Rogue  River.  The  lumber  and  wood  products  industry  discharges 
2,750  PE,  and  the  food  products  industry  is  responsible  for  the 
remainder. 

The  only  other  industrial  oxygen-demanding  waste  loadings 
are  contributed  by  plywood  mills  at  Brookings  and  Gold  Beach. 

Sand  and  gravel  operations  are  a source  of  sediment  and  in- 
organic materials  discharged  to  several  streams. 
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Umpqua  Subbasin  The  total  estimated  industrial  organic 
waste  load  produced  in  this  subbasin  amounts  to  about  623,490  PE. 
The  principal  waste  sources  are  the  pulp  and  paper,  lumber  and 
wood  products,  and  food  products  industries.  The  three  pulp 
and  paper  mills  account  for  nearly  92  percent  of  the  industrial 
waste  production. 

Industries  in  the  Coos  Bay  Service  Area  discharge  a normal 
waste  loading  of  about  520,000  PE.  A sulfite  mill  releases  sul- 
fite liquor  wastes,  white  water,  and  hydraulic  barker  fines  to 
Coos  Bay  without  any  type  of  treatment.  The  Oregon  Water  Quality 
Standards  require  that  the  timber  company  provide  primary  sedimen- 
tation or  equivalent  control  of  industrial  waste  solids.  The  DEQ 
is  to  determine  the  highest  practicable  treatment  or  control  of 
the  sulfite  waste  liquor.  Waste  treatment  facilities  at  another 
sulfite  mill  consist  of  a primary  settling  basin  and  non-overflow 
ponds.  Most  of  the  remaining  industrial  waste  production  in  the 
service  area  results  from  the  lumber  and  wood  products  and  food 
products  industries.  These  industries  discharge  6,720  and  13,000 
PE,  respectively,  to  Coos  Bay--including  untreated  phenolic  resin 
glue  wastes,  debris,  and  floating  material. 

The  Gardiner-Reedsport  area  is  an  important  industrial 
waste  production  center.  A paper  mill  discharges  about  120,000 
PE  to  the  Pacific  Ocean  through  a deep-water  outfall  after  primary 
settling.  The  company's  plywood  mill  also  provides  primary  sedimen 
tation  facilities  and  discharges  the  residual  wastes  to  Winchester 
Bay.  A dairy  is  the  only  other  important  waste  source  in  the  area, 
discharging  about  1,000  PE  to  Winchester  Bay  without  treatment. 

The  South  and  North  Umpqua  Rivers  receive  about  6,900  and 
8,600  PE,  respectively,  of  untreated  wastes  from  the  lumber  and 
wood  products  industries  in  the  Roseburg,  Dillard,  and  Myrtle 
Creek  areas.  Cow  Creek,  a tributary  of  the  South  Umpqua,  receives 
an  organic  waste  loading  of  about  2,660  PE  from  the  forest  products 
industry  and  inorganic  wastes  from  mining  operations. 

Other  waste  sources  are  several  plywood  and  veneer  mills 
scattered  throughout  the  subbasin.  These  mills  release  about 
8,900  PE,  generally  without  any  type  of  conventional  treatment. 

Other  Oregon  Coastal  Areas  Subbasin  The  total  industrial 
waste  production  in  this  portion  of  the  subregion  amounts  to  about 
532,010  PE,  which  are  reduced  to  about  502,010  PI  by  waste  treat- 
ment. The  principal  waste  source  is  the  pulp  and  paper  industry, 
which  accounts  for  about  98  percent  of  the  industrial  waste  loading 


A paper  mill  at  Toledo  discharges  about  168,000  PH  to  the 
Pacific  Ocean  and  Yaquina  River.  Thermal  reduction  ponds  and  a 
deep  ocean  outfall  are  utilized  for  disposal  of  strong  wastes. 

No  treatment  is  provided  for  the  white  water.  However,  the 
Oregon  Water  Quality  Standards  require  that  primary  sedimentation 
facilities  be  provided.  Lumber  and  wood  products  industries  in 
the  Toledo  area  also  discharge  untreated  phenolic  resin  glue 
wastes,  debris,  and  floating  materials. 

A paper  mill  at  W'auna  discharges  about  320,000  PH  to  the 
Columbia  River.  The  mill  provides  good  in-plant  control  procedures 
and  primary  sedimentation  facilities. 

The  Astoria  Service  Area  is  an  important  source  of  indus- 
trial wastes.  Two  dairy  associations  contribute  about  3,000  PH 
to  the  Wilson  River.  The  Oregon  Water  Quality  Standards  require 
that  these  dairy  products  plants  install  secondary  treatment. 

The  Trask  River  receives  an  organic  loading  of  about  600  PL  from 
two  slaughterhouses.  Ihe  waste  sources  are  near  the  mouths  of  the 
various  rivers.  Therefore,  the  effects  of  these  wastes  are,  in 
part,  transferred  to  Tillamook  Bay.  In  addition,  Tillamook  Bay 
directly  receives  about  2,520  PH  of  untreated  wastes  from  a ply- 
wood mill  and  several  food  products  plants. 

The  remaining  waste  sources  are  comparatively  small  and 
arc  scattered  throughout  the  suhbasin. 

Washington  Coastal  Suhbasin  Industrial  waste  production  in 
this  subbasin  constitutes  about  72  percent  of  the  total  industrial 
oxygen-demanding  waste  strength  generated  in  Subregion  10.  However, 
a relatively  high  level  of  waste  treatment  is  maintained  so  that 
these  industries  contribute  only  40  percent  of  the  subregion's 
industrial  organic  waste  load.  During  the  critical  summer  season, 
the  total  organic  waste  strength  produced  is  about  5.07  million 
PH,  which  arc  reduced  to  645,070  PH  by  treatment.  The  principal 
waste  source  is  the  pulp  and  paper  industry,  which  accounts  for 
nearly  96  percent  of  the  organic  waste  discharge. 

Industrial  waste  sources  are  concentrated  in  the  Aberdeen 
Service  Area.  An  organic  waste  loading  of  about  645,070  PL  is 
discharged  to  Grays  Harbor.  Three  pulp  and  paper  mills  account 
for  620,200  PH  of  this  waste  load.  The  Washington  Water  Quality 
Standards  call  for  secondary  treatment  and  outfall  improvmcnts 
by  September  30,  1970.  A pulp  and  paper  mill  at  Cosmopolis  pres- 
ently employs  intermediate  treatment,  including  lagoons  and 
aeration.  An  average  reduction  of  about  90  percent  of  the  oxygen- 
demanding  waste  strength  is  accomplished  so  that  about  192,000 
PH  are  released  to  Grays  Harbor.  The  Washington  Water  Quality 
Standards  require  that  the  facilities  be  upgraded  to  secondary 
treatment  and  that  outfall  facilities  be  provided  by  September 
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30,  1970.  A paper  company  at  Grays  Harbor  contributes  an  organic 
loading  of  about  24,000  PE  to  Grays  Harbor  without  treatment. 
Primary  treatment  facilities  are  to  be  provided  by  September  30, 
1970.  Several  lumber  and  wood  products  and  food  products  plants 
are  responsible  for  a waste  loading  of  about  24,330  PE.  In  gen- 
eral, no  treatment  of  wastes  is  provided  before  discharge  to 
Grays  Harbor.  Near  the  service  area,  food  products  plants  at 
Westport  and  Markham  contribute  a waste  loading  of  about  5,380 
PE  to  Grays  Harbor. 

The  waste  loading  discharged  by  industries  in  the  Chehalis- 
Centralia  Service  Area  is  relatively  small.  However,  several 
industries  in  the  area  dispose  of  wastes  to  the  municipal  systems. 
Two  farms  near  Gentralia  are  the  largest  waste  producers.  One 
farm  utilizes  land  disposal  techniques  to  dispose  of  their  wastes, 
and  the  other  practices  crop  irrigation  with  their  waste  waters, 
resulting  in  little  direct  discharge  to  streams.  Several  sand- 
and-gravel  and  mining  operations  in  the  area  are  a source  of  sedi- 
ment and  inorganic  materials. 

The  only  other  waste  sources  are  several  seafood  plants  in 
the  Raymond  and  1 lwaco  areas  and  plywood  mills  scattered  through- 
out the  subbasin.  The  waste  loading  contributed  to  waterways  by 
these  industries  is  relatively  minor. 


Rural -Domestic 


Approximately  198,950  persons,  or  47  percent  of  the  popula- 
tion of  the  subregion  are  served  by  individual  sewage  disposal 
systems.  Table  131  summarizes  by  subbasin  the  population  and  the 
percent  of  subbasin  and  subregional  population  served  by  individ- 
ual systems.  In  general,  septic  tanks  and  some  type  of  subsurface 
drainage  are  used  for  waste  disposal.  The  actual  waste  load 
reaching  waterways  from  rural-domestic  sources  is  not  considered 
to  be  large. 


Table  131  - Summary  of  Population  Served  by  Individual 
Waste  Disposal  Facilities,  Subregion  lol/ 


Population  Percent  of  Percent  of 


Subbasin 

Rogue 

Umpqua 

Other  Oregon  Coastal  Areas 
Washington  Coastal 
Total 


Served 

Thousands 

5171 

58.2 

42.6 

47.0 

198.9 


Subregion 

Population 

12.0 

13.7 

9.9 

11.0 

46.6 


Subbasin 

Population 

44.8 

47.5 

53.1 

43.2 


\J  Derived  as  a residual  from  FPCA  Municipal  and  Industrial  Waste 
Inventory,  Coastal  Subregion,  1965. 


Irrigation 

Irrigation  in  the  Coastal  Subregion  is  not  extensive.  A 
total  of  181,000  acres,  or  one  percent  of  the  total  land  area,  is 
presently  irrigated.  The  annual  diversion  for  irrigation  is  600,000 
acre-feet,  of  which  approximately  261,000  acre-feet  are  returned 
to  waterways  as  irrigation  return  flows. 

The  largest  concentrations  of  irrigated  acreage  are  in  the 
interior  areas  of  the  Rogue  and  Umpqua  River  valleys.  Most  other 
irrigation  has  been  on  an  individual  farm  basis  and  is  practiced 
mainly  on  valley  lands  bordering  major  streams. 

Irrigation  diversions  and  return  flows  are  not  considered 
to  be  a major  pollution  source  in  most  areas  at  the  present  level 
of  development.  The  high  annual  precipitation  in  most  of  the  sub- 
region  has  largely  removed  easily  dissolved  constituents  that 
would  be  leached  by  irrigation  waters. 

However,  irrigation  diversions  and  return  flows  are  a 
major  pollution  source  on  Bear  Creek  and  Applegate  River.  They 
arc  also  becoming  increasingly  important  in  F.wona  Creek  and  Little 
Butte  Creek,  both  of  which  are  in  the  Rogue  Subbasin. 


Agricultural  Animals 

Agricultural  animal  wastes  are  a significant  source  of 
pollution  in  the  subregion.  The  animal  population  produces  an 
estimated  waste  load  equivalent  to  that  from  a population  of  1.4 
nUllion  persons.  It  is  estimated  that  about  five  percent  (“0,000 
PL)  reaches  streams  through  fecdlot  and  pasture  runoff. 


Several  streams  in  the  areas  of  high  cattle  densities  have 
exhibited  high  bacterial  counts  after  a rainfall  as  a result  of 
the  runoff  of  animal  wastes.  This  condition  has  been  particularly 
notable  on  the  Applegate,  Wilson,  Chehalis,  and  lower  Coquille 
Rivers . 


Other  Land  Uses 

Other  land  use  and  management  practices  are  not  considered 
to  be  a major  pollution  source  in  the  subregion.  However,  logging, 
logging  road  construction,  and  dam  and  highway  construction  are 
periodically  important  sources  of  high  sediment  loads.  This  prob- 
lem is  particularly  critical  in  this  subregion  since  many  coastal 
streams  serve  as  spawning  and  rearing  areas  for  the  anadromous 
fishery. 

The  generalized  sediment  yield  ranges  from  0.02  acre-foot 
per  square  mile  per  year  in  the  upper  reaches  of  the  Rogue  River 
basin  to  about  0.5  acre-foot  per  square  mile  per  year,  mostly  in 
the  agricultural  areas,  with  about  80  percent  of  the  areas  lying 
in  the  0.1  to  0.2  range.  Sediment  production  is  generally  low. 
There  are  few,  if  any,  areas  where  extensive  bank  or  gully  erosion 
is  occurring.  This  may  be  attributable  to  the  quick  recovery  of 
vegetation,  relatively  thin  soils,  and  the  coarse  texture  of 
alluvial  deposits  which  prevent  substantial  downcutting.  However, 
high  turbidities  and  sedimentation  are  encountered  during  periods 
of  high  runoff  below  major  logging,  placer  mining,  and  gravel- 
washing  operations.  In  addition,  streams  draining  the  Olympic 
Mountains  can  carry  heavy  loads  of  glacial  flour.  The  highest 
sediment  yields  on  the  coast  have  followed  major  forest  fires. 

, Navigation  and  Dredging 

The  most  important  wastes  from  ships  result  from  oil  spills 
and  bilge  waters  pumped  while  in  transit,  which  contain  oil  and 
other  petroleum  products. 

Dredging  is  normally  carried  out  in  the  estuarine  areas 
where  sediment  and  waste  products  build  up  to  block  navigable 
waters.  Dredging  introduces  quantities  of  suspended  material 
to  the  local  water  prism.  In  bottom  areas  where  debris  and  sludge 
beds  have  built  up  from  pulp  and  paper  waste  discharges--such  as 
in  Coos  and  Yaquina  Bays  and  Grays  Harbor- -dredging  frees  large 
quantities  of  oxygen-demanding  organics  in  the  water  and  mov 
release  toxic  products  of  decomposition. 


Prose n t Water  Quality 


The  water  quality  of  the  subregion  is  monitored  by  the 
Oregon  State  Department  of  Environmental  Quality  and  the  Washington 
Water  Pollution  Control  Commission  in  cooperation  with  the 
Geological  Survey.  Nearly  all  streams  entering  marine  waters  and 
numerous  tributaries  are  sampled  on  a regular  basis.  The  Oregon 
State  Department  of  Environmental  Quality  maintains  quality 
stations  for  most  important  marine  and  estuarial  waters  of  the 
Oregon  Coast.  In  addition,  many  estuaries  on  the  Washington  and 
Oregon  Coasts  have  been  the  subject  of  short-term  water  quality 
surveys.  Table  132  summarizes  annual  mean  and  extreme  values  for 
selected  water  quality  parameters. 

In  general,  the  waters  of  the  subregion  are  of  excellent 
quality  and  are  suitable  for  all  uses.  The  most  commonly  encoun- 
tered problems  include  high  coliform  bacterial  counts,  high 
temperatures,  and  high  nutrient  levels.  A few  instances  of  low 
dissolved  oxygen  are  found,  and  high  turbidities  and  sedimentation 
are  encountered  during  some  periods  of  the  year.  Water  quality 
deterioration  from  toxic  materials  has  not  been  documented, 
although  phenolics  associated  with  plywood  production  and  sulfites 
associated  with  pulp  and  paper  production  are  discharged  to 
subregional  waters. 


fresh  Waters 

High  dissolved  oxygen  concentrations  exist  throughout  the 
lengths  of  most  streams.  The  dissolved  oxygen  levels  average 
about  10  mg/ 1 for  all  streams.  However,  several  localized  areas 
exhibit  dissolved  oxygen  depressions.  In  the  Chehalis  River 

downstream  from  the  City  of  Chehalis,  dissolved  oxygen  levels  . 

range  between  0 and  3mg/l  during  the  summer.  Depressed  oxygen 

levels  occur  in  several  reaches  of  Bear  Creek  and  the  South 

Umpqua  River  during  low-flow  periods.  Even  so,  the  minimum 

oxygen  concentrations  are  seldom  below  6.5mg/l.  In  addition, 

dissolved  oxygen  concentrations  of  4.0  and  5.4  mg/1  have  been 

reported  in  the  lower  reaches  of  the  Yaquina  and  Coquille  Rivers, 

respectively,  during  September. 

With  the  exceptions  of  the  Chehalis  River  and  a tributary 
fthe  Cloquallum  River),  the  Washington  Coastal  streams  are  of 
excellent  bacterial  quality.  The  Chehalis  and  Cloquallum  Rivers 

have  exhibited  coliform  densities  as  high  as  24,000  organisms/100  1 

ml,  and  the  densities  average  above  1,000  organisms/100  ml 
(usually  considered  the  limit  for  safe  water-contact  recreation). 
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aary  cl  Water  Quality  Data,  Subregleu 
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Table  132  (Continued! 


Bear  Rivet  near 
Naselle,  Wash. 
Mean 
Minimum 
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No.  of  Sa np It’s 

Naselle  River  near 
Naselle . Wash. 
Mean 
Minimum 


Wlllapa  River  at 
Willapa,  Wash. 
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Minimum 
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No.  of  Samples 

Chehalis  River  near 
Doty,  Wash. 

Mean 

Minimum 

No.  of  Samples 

Chehalis  River  at 
Porter,  Wash. 

Mean 
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Cloquallum  River  at 
Kims,  Wash. 

Mean 
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Satsop  River  near 
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Maximum 
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Soleduck  River  near 
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Ma  x Inn 
No.  of  Sample* 
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High  coliform  counts  are  found  in  reaches  of  many  Oregon  Coast 
streams.  These  high  bacterial  densities  have  great  significance 
when  the  extensive  recreational  water  contact  in  the  Coastal  Sub- 
region  is  considered.  The  major  problem  areas  have  been  the 
Rogue  River,  Bear  Creek,  South  Umpqua  River,  Cow  Creek,  South  Fork 
Coquille  River,  Nestucca  River,  Coquille  River  below  Bandon, 

Umpqua  River  below  Reedsport,  Columbia  River  below  Astoria,  and 
several  streams  draining  into  Tillamook  Bay--including  the  Wilson, 
Trask,  and  Tillamook  Rivers.  The  sources  of  coliform  organisms 
are  difficult  to  identify.  In  the  lower  reaches  of  the  Umpqua, 
Coquille,  South  Umpqua,  and  Columbia  Rivers,  the  high  densities 
are  probably  the  result  of  inadequately  treated  municipal  wastes. 
In  the  Rogue,  South  Fork  Coquille,  and  Nestucca  Rivers,  Bear 
Creek,  and  the  Tillamook  area  streams,  the  problem  possibly  re- 
sults from  a combination  of  domestic,  agricultural,  cheese  and 
creamery,  and  slaughterhouse  wastes. 


Maintaining  adequate  water  temperature  levels  is  a signi- 
ficant problem  in  the  Coastal  Subregion.  Elevated  temperatures 
have  detrimental  effects  on  salmonid  fisheries,  which  make  up  a 
significant  portion  of  the  economic  resource  of  the  Coastal  area. 
The  major  areas  of  concern  have  been  the  Rogue,  Umpqua,  and 
Chehalis  Rivers  and  tributaries.  Temperatures  in  these  streams 
average  above  70°  F.  (21°  C.)  during  the  months  of  July  and  August, 
and  maximums  range  from  over  80°  F.  to  93°  F.  (27°  to  34°  C.). 
Figures  99  and  100  present  temperature  profiles  for  the  Rogue 
and  Umpqua  Rivers  for  the  month  of  July. 
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FIGURE  99.  Temperature  Profile  (Generalized),  Rogue  River 


The  highest  sediment  concentrations  observed  in  some  streams 
since  1963  were  2,360  mg/1  in  the  IVynoochee  River;  1,860  mg/1  in 
Schooner  Creek;  1,450  mg/1  in  the  Yachats  River;  1,260  mg/1  in  the 
Siletz  River;  949  mg/1  in  the  Satsop  River;  and  943  mg/1  in  the 
Newaukum  River.  Ihcse  high  sediment  levels  have  generally  occurred 
as  a result  of  a high  runoff  during  the  month  of  December.  Also, 
in  the  South  Fork  of  the  Necanicum  River  below  logging  operations, 
maximum  instantaneous  sediment  concentrations  in  excess  of  70,000 
mg/1  have  been  reported. 
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FIGURE  100.  Temperature  Profile  (Generalized),  Umpqua  River 


Most  of  the  streams  in  the  Coastal  Subregion  originate  in 
the  mountains  of  the  Coast  Range  geologic  province  and  drain  into 
the  Pacific  Ocean.  They  arc  of  excellent  mineral  character. 

Some  slight  differences  in  chemical  composition  are  apparent 
among  streams  draining  the  northern,  central,  and  southern  parts 
of  the  subregion. 

In  the  northern  part,  the  streams  originate  in  the  high 
elevations  of  the  Olympic  Mountains  and  many  are  glacier-fed. 

They  contain  calcium  bicarbonate  type  waters  which  are  low  in 
dissolved  solids  and  very  soft.  Dissolved  solids  concentrations 
range  from  30  to  60  mg/1  and  average  less  than  50  mg/1.  The 
hardness  averages  less  than  50  mg/1.  The  streams  are  sometimes 
very  turbid  with  glacial  flour. 
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The  streams  draining  the  Coast  Range  in  the  Central  part 
of  the  subregion  are  also  very  low  in  dissolved  solids  and  are 
very  soft.  Calcium  and  bicarbonate  are  usually  the  predominant 
ions,  but  sodium  and  chloride  make  up  a larger  percentage  of  the 
total  dissolved  ions  than  in  the  streams  draining  the  Olympic 
Mountains.  The  greater  percentage  of  sodium  and  chloride  in 
these  streams  most  likely  comes  from  oceanic  aerosols.  Windblown 
salt  particles  from  the  ocean  are  carried  inland  in  fog  or  clouds. 
These  particles  form  condensation  nuclei  for  water  droplets  and 
are  carried  to  earth  again  in  the  form  of  rain  or  snow,  resulting 
in  an  increase  in  salt  content  in  the  coastal  streams.  Aerosols 
undoubtedly  also  affect  streams  draining  the  Olympic  Mountains. 
However,  the  effect  is  apparently  diluted  because  of  the  much 
greater  runoff  per  square  mile  which  occurs  as  a result  of  the 
extremely  high  precipitation  in  that  area. 

The  Rogue  River,  located  at  the  southern  end  of  the  sub- 
region,  originates  in  the  high  elevations  of  the  Cascade  Range, 
flows  through  a central  valley  section,  and  then  cuts  through 
the  Klamath  Mountains  before  emptying  into  the  Pacific  Ocean. 

The  upper  reaches  of  the  Rogue  River  contain  calcium-magnesium 
bicarbonate  water  with  an  average  dissolved  solids  concentration 
of  about  60  mg/1.  There  is  some  downstream  increase  in  minerali- 
zation of  the  Rogue  River  as  a result  of  inflows  from  Bear  Creek 
and  Applegate  River,  which  are  considerably  more  mineralized. 

The  flow  of  these  two  streams  is  small  in  relation  to  the  main 
stem,  and  influence  on  the  chemical  quality  of  the  Rogue  River  is 
slight.  The  maximum  reported  dissolved  solids  concentration  in 
the  Rogue-  River  at  Merlin,  below  all  major  tributaries  except  the 
Illinois  River,  is  90  mg/1. 

The  Illinois  River  (a  tributary  of  the  Rogue  River)  and 
the  South  Fork  Coquille  River  are  considerably  different  in 
chemical  character  from  all  other  streams  in  the  subregion  for 
which  data  are  available.  Both  of  these  streams  are  magnesium 
bicarbonate  waters.  In  the  South  Fork  Coquille  River,  the  per- 
centage of  magnesium  ion  is  only  slightly  higher  than  that  of 
calcium  ion.  In  the  Illinois  River,  magnesium  averages  68  per- 
cent of  the  dissolved  cations,  while  calcium  accounts  for  only 
24  percent.  Both  of  these  streams  drain  areas  in  the  Klamath 
Mountains  which  are  underlain  by  igneous  and  metamorphic  rocks 
that  contain  large  amounts  of  the  magnesium-rich  minerals  pyroxene 
and  olivine. 

All  of  the  waters  of  the  subregion  are  of  excellent  mineral 
quality  except  in  tide-affected  reaches,  and  many  could  be  used 
for  most  purposes  with  minimum  treatment.  Natural  high  turbidity 
and  color  are  a problem  at  certain  times  of  the  year,  especially 
in  the  streams  which  drain  the  Olympic  Mountains.  The  lower 
reaches  of  most  streams  are  affected  by  saltwater  intrusion.  In 
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many  of  the  streams,  the  rise  in  elevation  is  very  slight  for 
long  distances  upstream.  In  the  Siuslaw  River,  high  chloride  and 
sodium  concentrations,  indicative  of  saltwater  intrusion  (and  too 
large  to  be  attributed  to  aerosol  intrusion) , have  been  found  as 
far  as  20  miles  upstream  from  the  mouth. 

Nutrient  values  at  higher  than  desirable  levels  (0.075  mg/1-- 
P04  as  PO4  and  0.30  mg/l--N05  as  N)  occur  in  several  coastal  streams. 
The  Rogue  River  and  two  tributaries  (Bear  Creek  and  the  Applegate 
River),  the  South  Umpqua  River  and  a tributary  (Cow  Creek),  and  the 
Chehalis  River  exhibit  the  highest  nutrient  concentrations.  As  a 
result,  these  streams  are  capable  of  supporting  nuisance  algal 
blooms.  This  condition  is  particularly  acute  during  periods  of  low 
stream flow. 


Marine  and  Estuarine  Waters 

The  marine  and  estuarine  waters  of  the  subregion  are  of 
prime  importance  for  recreation,  as  clam  and  oyster  rearing  areas, 
and  for  passage  of  anadromous  fish.  In  several  estuaries,  discharges 
of  untreated  or  inadequately  treated  domestic  and  industrial  wastes 
and  agricultural  runoff  have  seriously  degraded  water  quality. 

These  estuaries  include  Coos  Bay,  Umpqua  Bay,  Yaquina  Bay,  Nehalem 
Bay,  Tillamook  Bay,  and  Grays  Harbor. 

Dissolved  oxygen  levels  are  generally  satisfactory  for  fish 
passage  in  most  marine  waters;  however,  Coos  Bay,  Yaquina  Bay, 
and  Grays  Harbor  do  exhibit  oxygen  depressions  during  certain 
periods  of  the  year.  In  Coos  Bay,  oxygen  levels  of  one  to  two 
mg/1  have  been  reported  during  late  summer  and  early  fall.  In 
Yaquina  Bay  and  Coos  Bay,  depletion  of  water  quality  during  the 
summer  months  is  caused  by  the  very  low  inflow  into  the  bays  and 
' large  waste  loading.  This  flow  is  not  large  enough  to  allow 

flushing  and,  thus,  a pool  of  water  is  trapped  until  high  water 
flows  force  the  water  out.  A periodic  phenomenon  in  Grays  Harbor 
which  results  from  particular  conditions  of  wind  and  current,  re- 
ferred to  as  upwclling,  replaces  bay  water  with  low  DO  water  which 
is  forced  up  from  great  depths  offshore.  The  DO  content  of  the 
deeper  waters  may  be  as  low  as  one  to  two  mg/1.  When  upwelling 
occurs  during  the  season  of  high  temperatures  and  low  streamflow, 
it  reduces  the  estuary's  ability  to  provide  the  needed  oxygen  re- 
source and  thereby  intensifies  the  oxygen  deficit. 

In  several  areas  of  the  Oregon  Coast,  discharges  of  untreated 
or  inadequately  treated  domestic  and  industrialwast.es  and  agricul- 
tural runoff  have  reached  the  point  of  causing  a threat  to  health. 
These  areas  include  Nehalem  Bay , Tillamook  Bay,  Yaquina  Bay,  and 
Umpqua  Bay.  The  most  significant  of  these  areas  are  Yaquina  and 


141 


- « . 


Tillamook  Bays,  where  recently  the  Public  Health  Service  "condi- 
tionally approved"  oyster  growing  areas  with  the  stipulation  that 
action  be  taken  to  reduce  coliform  levels  in  the  bays. 


Toxic  sulfite  waste  liquor  effluents  from  pulp  and  paper 
mills  and  phenolics  associated  with  plywood  production  have  de- 
teriorated water  quality  in  Coos  Bay,  Yaquina  Bay,  and  Grays  Har- 
bor. The  discharges  have  caused  unsightly  and  interfering 
floating  materials  as  well  as  rendering  some  areas  sterile  for 
normal  aquatic  populations. 

Summary  of  Problems 

A graphical  summary  of  water  quality  problem  areas  in  Sub- 
region  10  is  presented  in  figure  101.  In  general,  most  serious 
water  quality  degradation  is  associated  with  inadequately  treated 
municipal  and  industrial  wastes  in  combination  with  low  summer- 
time streamflows. 

The  major  estuaries  showing  water  quality  deterioration 
are  Yaquina,  Coos,  and  Tillamook  Bays  and  Grays  Harbor.  Effluents 
from  pulp  and  paper  and  plywood  mills  along  Yaquina  and  Coos  Bays 
cause  problems  from  floating  solids  as  well  as  oxygen  depressions 
during  the  summer  months  when  there  is  little  net  movement  of 
water  to  the  ocean.  These  conditions  are  a deterrent  to  aquatic 
life  and  the  recreational  potential  of  the  bays.  Grays  Harbor 
suffers  from  periodic  low  dissolved  oxygen  levels  and  sludge 
accumulations.  Pulp  and  paper  mill  wastes  are  the  major  source 
of  the  problems,  although  the  upwelling  of  deep  ocean  waters 
which  are  low  in  oxygen  is  believed  to  contribute  to  the  oxygen 
depression.  Bacterial  contamination  from  domestic  sewage  and 
livestock  wastes  has  been  identified  by  Federal  authorities  as  a 
potential  threat  to  shellfish  in  Yaquina  and  Tillamook  Bays. 

The  major  freshwater  streams  experiencing  water  quality 
problems  are  the  Rogue  River  below  Bear  Creek,  Bear  Creek,  the 
South  Umpqua  River,  and  the  Chehalis  River. 

The  entire  length  of  the  Rogue  River  below  Bear  Creek 
exhibits  coliform  densities  greater  than  those  desirable  for 
safe  water-contact  recreation.  In  addition,  temperatures  in 
excess  of  70°  F.  (21.1°  C.)  are  evident  at  all  sampling  points 
during  August  and  September.  Fishery  agencies  have  recommended 
storage  to  provide  a minimum  flow  of  2,000  cfs  in  the  Rogue  to 
control  water  temperature  for  fishery  enhancement. 

Bear  Creek,  which  receives  municipal  and  industrial  wastes 
from  the  Medford  Service  Area,  irrigation  return  flows,  and 
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agricultural  waste  waters,  becomes  an  aesthetic  nuisance  during 
summer  months  when  flows  are  low  and  water  is  diverted  for  irri- 
gation. Nutrients  from  these  sources  promote  extensive  aquatic 
growths,  and  bacterial  densities  are  high.  A minimum  flow  of 
75  cfs  for  water  quality  control  in  Bear  Creek  is  currently  needed. 

Water  quality  in  the  South  Umpqua  River  during  low-flow 
periods  does  not  meet  either  dissolved  oxygen  or  temperature 
requirements  for  anadromous  fish  migration.  There  is  an  immediate 
need  for  a minimum  average  flow  of  190  cfs  for  control  of  dissolved 
oxygen  in  the  summer  months,  and  a minimum  flow  of  1,200  cfs  has 
been  recommended  by  fishery  agencies  for  temperature  enhancement. 

Low  dissolved  oxygen  levels  and  high  bacterial  concentra- 
tions occur  in  the  Chehalis  River  during  the  summer  low-flow 
period.  This  poor  water  quality  affects  the  migration  and  rearing 
of  anadromous  fish  and  participation  in  recreational  activities. 


FUTURE  WATER  QUALITY  MANAGEMENT  NEEDS 


Based  on  the  projected  economic  development  of  the  sub- 
region,  the  population  is  expected  to  increase  from  425,800  in 
1965  to  735,900  in  2020--an  increase  of  73  percent,  compared  with 
121  percent  for  the  region. 

Figure  102  shows  the  projected  subbasin  populations  for 
the  years  1980,  2000,  and  2020.  The  projected  subbasin  and  serv- 
ice area  populations  for  municipal  and  rural  categories  are 
presented  in  table  133.  By  2020,  nearly  three-fourths  of  the 
subregional  population  will  be  located  in  the  five  major  service 
areas . 


The  future  economic  growth  will  continue  to  be  based  on 
the  abundant  forest  resources.  The  pulp  and  paper  industry  is 
not  expected  to  experience  as  rapid  a growth  rate  as  the  food 
products  industry,  but  will  remain  the  largest  producer  of  or- 
ganic waste  in  the  subregion.  The  lumber  and  wood  products 
industry  is  expected  to  show  a decline  during  this  period. 
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Table  133  - Projected  Population,  Subregion  ll)i/ 


1980 

2000 

2020 

( Thousands) 

Rogue  Subbasin 

139.1 

183.0 

239.4 

Medford  Service  Area 

84.2 

125.8 

180.4 

Municipal 

66 .6 

117.0 

180.4 

Rural 

17.6 

8.8 

— 

Other 

54.9 

57.2 

59.0 

Municipal 

26.3 

28.3 

29.8 

Rural 

28.6 

28.9 

29 .2 

Subtotal 

139.1 

183.0 

239.4 

Municipal 

92.9 

145.3 

210.2 

Rural 

46.2 

37.7 

29.2 

Umpqua  Subbasin 

138.1 

161.5 

192.1 

Coos  Bay  Service  Area 

40.7 

60.6 

90.3 

Municipal 

34.7 

57.6 

90.3 

Rural 

6.0 

3.0 

"■ 

Other 

97.4 

100.9 

101.8 

Municipal 

47.4 

50.3 

51.1 

Rura  1 

50.0 

50.6 

50.7 

Subtotal 

138.1 

161.5 

192.1 

Muni cipal 

82.1 

107.9 

141.4 

Rural 

56.0 

53.6 

50.7 

Other  Oregon  Coastal  Areas  Subbasin 
Astoria  Service  Area 

89.2 

21.9 

110.2 
29  .9 

134.6 
41  ,b 

Mun i c i pa  1 

18.1 

28.0 

41.6 

Rural 

3.8 

1 .9 

Other 

67.3 

80.3 

93.0 

Municipal 

28.8 

35.9 

44.8 

Rural 

38.5 

44.4 

48.2 

Subtotal 

89.2 

110.2 

134.6 

Muni cipal 

46.9 

63.9 

86.4 

Rural 

42.3 

46.3 

48.2 

Washington  Coastal  Subbasin 

122.1 

145.7 

169.8 

Aberdeen  Service  Area 

39.0 

45.9 

52.5 

Mun i c i pa  1 

37.3 

45.0 

52.5 

Rural 

1.7 

0.9 

-- 

Chchal is-Centrali a Service  Area 

18.8 

21.8 

25.1 

Municipal 

16.8 

20.8 

25.1 

Rural 

2.0 

1.0 

" 

Other 

64.3 

78.0 

92.2 

Municipal 

17.9 

25.1 

32.5 

Rural 

46.4 

52.9 

59.7 

Subtotal 

122.1 

145.7 

169.8 

Mun i c i pa  1 

72.0 

90.9 

110.1 

Rural 

50.1 

54.8 

59.7 

Total  Subregion 

488,5 

735.9 

Muni cipal 

293.9 

548.1 

Rural 

194.6 

191.4 

187.8 

1/  Derived  from  Fconomic  Base  and  Projections,  \ppendix  VII,  Columbia- 
North  Pacific  Framework  Study,  .lanuary  19"1 , and  from  North  Pacific 
Division  Corps  of  Fnginecrs  data. 


Differences  between  totals  in  this  table  and  source  are  due  to 
differences  in  subregion  boundaries.  The  source  is  based  on 
economic  boundaries  and  this  table  is  based  on  hydrologic  boundaries. 
The  municipal  population  is  defined  as  that  population  discharging 
wastes  to  a municipal  sewerage  system.  The  rural  population  is 
defined  as  the  residual. 
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Future  Waste  Production 


Municipal 


The  projected  municipal  raw  waste  production  for  the  sub- 
region  is  presented  in  table  134.  The  population  served  by  munic- 
ipal waste  collection  and  treatment  systems  is  expected  to  increase 
from  53  percent  in  1965  to  74  percent  by  the  year  2020.  It  has 
been  assumed  that  the  entire  populations  of  the  five  major  service 
areas  will  be  served  by  municipal  sewerage  collections  systems  by 
that  time.  These  service  areas  are  expected  to  account  for  71 
percent  of  the  raw  municipal  waste  production  in  2020. 


Table  134  - Projected  Municipal  Raw  Organic  Waste  Production 

Subregion  10  1/ 


197  0— 

1980 

2000 

2020 

Rogue  Subbasin 

90.9 

(1,000' 

116.1 

's  P.E.) 
181 .6 

262.6 

Medford  Service  Area 

66.2 

83.2 

146.2 

225.4 

Other 

24.7 

32.9 

35.4 

37.2 

Umpqua  Subbasin 

88.9 

102.6 

134.9 

176.8 

Coos  Bay  Service  Area 

33.0 

45.4 

72.0 

112.9 

Other 

55.9 

59.2 

62.9 

63.9 

Other  Oregon  Coastal  Areas 

Subbasin 

50.9 

58.6 

81.1 

108.0 

Astoria  Service  Area 

17.5 

22.6 

35.0 

52.0 

Other 

33.4 

36.0 

46.1 

56.0 

Washington  Coastal  Subbasin 

81.6 

90.0 

113.6 

137.6 

Aberdeen  Service  Area 

43.0 

46.6 

56.2 

65.6 

Chehalis-Centralia  Service 

Area  18.9 

21.0 

26.0 

31.4 

Other 

19.7 

22.4 

31.4 

40.6 

Total  Subregion 

312.3 

367.3 

511.2 

685.0 

1/  A factor  of  1.25  was  applied  to  the  municipal  population  com- 
ponents to  account  for  the  effects  of  small  commercial  estab- 
lishments and  other  urban  activities  which  add  to  municipal 
waste  loads. 

2/  Interpolated  from  1965  data  and  1980  projections. 
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Industrial 

Projected  raw  organic  waste  loadings  for  the  major  indus- 
trial categories  are  presented  in  table  135  for  the  years  1980, 

2000,  and  2020.  By  the  end  of  the  projection  period,  it  is  ex- 
pected that  industries  will  account  for  nearly  92  percent  of  the 
total  organic  waste  production  for  the  entire  subregion.  The  pulp 
and  paper  industry  will  continue  to  be  the  largest  source  of  organic 
wastes,  contributing  approximately  95  percent  of  the  total  indus- 
trial waste  production. 


Table  135  - Projected  Industrial  Raw  Organic  Waste  Production 

Subregion  10  1/  (5)  (17) 


1970 

Pulp  and  Paper  5,194.3 
Lumber  and  Wood  Products  70.1 
Food  Products  169.2 
Total 


19S0  2000 

(1,000's  P.E.) 


7,510.0 

61.0 

228.0 


9,020.0 
57.0 
314.0 


2020 

9,800.0 

54.0 

436.0 


5,435.6  7,799.0  9,391.0  10,290.0 


1/  Per  data  from  FPCA  Municipal  and  Industrial  Waste  Inventory, 
Coastal  Subregion,  1965. 


In  general,  increases  in  waste  production  are  expected  to 
occur  at  existing  operations  for  most  industries.  The  lumber  and 
wood  products  industry,  however,  is  expected  to  decrease  somewhat 
by  2020. 


Rural-Domestic 

The  projected  rural-domestic  waste  production  is  summarized 
in  table  136.  The  rural -domestic  waste  production  was  assumed  to 
be  equal  to  the  rural  component  shown  in  table  133.  The  general 
trend  of  rural  population  in  the  region  is  downward;  however,  this 
segment  of  the  population  is  expected  to  increase  slightly  in  the 
Washington  Coastal  and  other  Oregon  Coastal  Areas  Subbasins. 


Table  136  - Projected  Rural  Domestic  Raw  Organic  Waste  Production 

Subregion  10 


1970  1/ 

1980 

2000 

2020 

(1,000 

's  P.E 

0 

Rogue  Subbasin 

49.7 

46.2 

37.7 

29.2 

Umpqua  Subbasin 

57.1 

56.0 

53.6 

50.7 

Other  Oregon  Coastal  Areas  Subbasin 

42.1 

42.3 

46.3 

48.2 

Washington  Coastal  Subbasin 

48.2 

50.1 

53.8 

59.7 

Total  Subregion 

197.1 

194.6 

191.4 

187.8 

Tj  Interpolated  from  1965  data  and  1980  projections. 


Irrigation 

About  181,000  acres  are  presently  irrigated  in  the  subregion, 
requiring  an  annual  diversion  rate  of  3.3  acre-feet  per  acre. 
Irrigation  acreage  is  projected  to  increase  to  280,000  acres  by 
1980;  290,000  acres  by  2000;  and  330,000  acres  by  2020.  More 
efficient  use  and  application  of  water  are  expected  to  reduce  the 
diversion  rate. 


Agricultural  Animals 

Farm  animals  produce  large  amounts  of  waste;  however,  most 
of  the  waste  is  disposed  of  on  the  land.  The  raw  organic  waste 
production  by  the  livestock  population  is  expected  to  be  equivalent 
to  that  from  a population  of  1,400,000  in  1980;  1,800,000  in 
2000;  and  2,400,000  in  2020.  It  is  projected  that  a greater  per- 
centage of  the  cattle  will  be  on  feedlots  by  the  year  2020,  as 
compared  with  present  practices.  Dairies,  feedlots,  and  other 
animal  concentrations  along  streams  cause  accelerated  erosion, 
as  well  as  intensifying  the  potential  coliform  bacteria,  nutrients, 
and  biochemical  oxygen  demand  in  the  water. 


Other  Land  Uses 


Projections  of  land  use  arc  shown  in  table  137. 
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Table  137  - Present  and  Projected  Land  Use,  Subregion  10  (5)  (8) 


Land  Use 

196f, 

1980 

Thousands 

2000 

of  Acres 

2020 

Cropland 

585 

472 

421 

570 

Irrigated 

175 

270 

284 

316 

Nonirrigated 

410 

202 

137 

54 

Forest 

13,829 

13,795 

13,747 

13,700 

Range  1/ 

108 

100 

150 

140 

Other  2/ 

472 

587 

070 

764 

Total 

15,054 

15,014 

14,994 

14,974 

1 / Does  not  include  forest  range. 

2/  Includes  barren  land,  roads,  railroads,  small  water  areas,  urban 
and  industrial  areas,  farmsteads,  etc. 


The  projections  show  a decrease  in  land  area  for  crop, 
range  and  forest  lands  by  the  year  2020.  In creased  use  of 

fertilizers  on  the  crop  and  pasture  lands  will  represent  a poten- 
tial source  of  nutrients, 
i 

Higher  turbidities  and  sedimentation  can  be  expected  from 
increased  timber  harvest  from  the  forest  and  woodlands.  Placer 
mining  and  gravel-washing  operations  will  also  increase  the 
sedimentation  problem. 


Recreation 

The  projected  raw  waste  production  by  recreation  activities 
arc  summarized  in  table  138. 


Table  138  - Projected  Recreation  Wastes,  Subregion  10— 


Year 

Population  equivalents 

1970 

255,000 

1980 

344,000 

2000 

633,000 

2020 

1,166,000 

\J  Bureau  of  Outdoor  Recreation  and  U.S.D.A.  Forest  Service  Pro- 
jections for  total  man  recreation  days  (TMRD) . 


450 


In  the  determination  of  wastes  from  recreation  activities, 
the  population  equivalent  is  based  on  the  total  annual  recreation 
days.  The  above  values  represent  the  daily  raw  waste  production 
for  a typical  summer  weekend. 

Other  Factors  Influencing  Quality 

Navigation  influences  water  quality.  The  pumping  of  bilges 
and  other  discharges  from  ships  degrades  water  quality.  Bilges 
almost  always  contain  oils  and  other  petroleum  products. 

Dredging  is  necessary  in  the  estuarine  areas  where  sedi- 
ments and  waste  products  build  up  and  block  navigable  waters.  The 
removal  of  this  material  alone  causes  turbidity  and  releases  large 
quantities  of  oxygen-demanding  organics  and  also  toxic  products  of 
decomposition.  The  disposal  of  the  dredged  material  creates  addi- 
tional problems. 

There  is  always  the  danger  of  spills  of  oils  and  other 
hazardous  materials  which  could  cause  an  ecological  disaster. 

During  summer  months  when  natural  flows  are  the  lowest  and 
water  is  also  being  diverted  for  irrigation,  nutrients  from  sew- 
age effluent  and  irrigation  return  flows  promote  extensive  water 
growths . 

Quality  Goals 

The  water  quality  goals  represent  the  levels  of  water 
quality  required  to  fully  support  the  maximum  water  uses.  In 
managing  the  subregion's  water,  the  primary  purpose  is  to  pro- 
* tect  and  enhance  the  quality  and  value  of  the  water  resources  and 

to  establish  programs  for  the  prevention,  control,  and  abatement 
of  water  pollution  to  allow  maximum  use  of  the  resource  for  all 
beneficial  purposes. 

Water  quality  standards  were  adopted  by  the  states  of 
Oregon  and  Washington  after  holding  public  hearings,  and  the  Secre- 
tary of  the  Interior  has  approved  the  standards,  thereby  making 
them  Federal  standards  as  well.  The  states  have  also  developed 
water  quality  standards  for  intrastate  waters  which  are  consistent 
with  the  interstate  standards.  These  water  quality  standards  are 
the  basis  for  the  water  quality  goals  in  this  study. 

In  establishing  the  water  quality  standards,  the  use  of 
each  body  of  water  was  determined,  and  criteria  were  set  to  pro- 
tect these  uses  through  quality  levels  which  must  be  maintained. 

In  addition,  the  standards  incorporate  an  anti-degradation  provision 
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by  requiring  that  waters  whose  existing  quality  is  better  than 
the  established  standards  be  maintained  at  the  existing  higher 
quality  level.  This  means  that  the  highest  and  best  practicable 
treatment  under  existing  technology  should  be  applied  to  all  waste 
discharges.  The  common  parameters  generally  used  are  dissolved 
oxygen  concentrations,  temperature,  turbidity,  and  coliform  den- 
sity. 

The  water  quality  standards  are  summarized  in  table  139. 
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Table  139  - Water  Classification  and  Criteria 
Subregion  10  (Washington) 


Water  Quality 
Parameters 
Coliform 
Dissolved  oxygen 
Temperature  1/ 
pi  I 

Turbidity 
Aesthetic  values 


Class  AA 
Extraordinary 


Class  A 
Excellent 


Class  B 
Good 


Coliform 
Dissolved  oxygen 
Temperature 
pll 

Turbidity 


50  MPN  240  MPN  1,000  MPN 

9.5  mg/1  8.0  mg/1  6.5  mg/1 

60°  F.  65°  F.  70°  F. 

6. 5-8. 5 6. 5-8. 5 6. 5-8. 5 

5 JTU  5 JTU  10  JTU 

Shall  not  be  impaired  by  the  presence  of 
materials  or  their  effects,  excluding  those 
of  natural  origin,  which  offend  the  sense  of 
sight,  smell,  touch,  or  taste. 


Water  Criteria  - Oregon 

70-240/100  ml 
6 mg/1 

64°  F.  with  2°  F. 
6. 5-8. 5 
5 JTU 


rise  below  66°  F. 


JV  For  all  classes,  the  permissible  increase  in  temperature  over 
natural  conditions  is  less  than  1.8°  F. 

The  above  criteria  arc  not  inclusive,  and  the  water  quality  stand- 
ards should  be  consulted  for  specific  information.  Copies  of 
the  water  quality  standards  are  available  upon  request  from  the 
Oregon  Department  of  Environmental  Quality  and  the  Washington 
Water  Pollution  Control  Commission. 
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MEANS  TO  SATISFY  DEMANDS 


In  general,  the  waters  of  Subregion  10  are  of  excellent 
quality  and  suitable  for  all  uses.  The  most  serious  water  quality 
degradation  is  associated  with  estuarial  pollution  and  with  in- 
adequately treated  municipal  and  industrial  wastes  in  combination 
with  low  summertime  flows.  Insuring  water  quality  to  adequately 
serve  the  river  systems'  functions  will  require  a coordinated 
program  of  waste  reduction,  flow  regulation,  application  of  waste- 
controlling techniques,  and  development  of  a system  of  cooperative 
management  of  the  water  resources. 


Waste  Treatment 


Future  Waste  Discharges 


Complete  waste  collection  and  adequate  waste  treatment 
facilities  are  the  primary  means  for  achieving  desired  water 
quality  goals  in  the  subregion.  Based  on  the  treatment  levels 
discussed  in  the  Regional  Summary  and  raw  waste  projections  pre- 
sented earlier,  the  projected  municipal  waste  loadings  to  be  dis- 
charged to  the  waters  of  each  subbasin  are  shown  in  table  140. 

The  industrial  waste  loadings  for  major  industrial  categories  are 
presented  in  table  141.  The  total  municipal  and  organic  waste 
loading  is  expected  to  be:  1,225.1  PE  in  1980;  990.2  PE  in  2000; 

and  1,097.5  PE  in  2020.  The  pulp  and  paper  industry  is  expected 
to  be  the  largest  industrial  discharger  of  organic  waste  materials. 


Table  140  - Projected  Municipal  Organic  Waste  Discharges 


j 

Subregion  10 

1 f 

1980 

2000 

2020 

' 1 

(1,000's  P.E 

) 

1 

Rogue  Subbasin 

17.4 

18.2 

26.2 

1 

Medford  Service  Area 

12.5 

14.6 

22.5 

Other 

4.9 

3.6 

3.7 

Umpqua  Subbasin 

15.4 

13.5 

17.7  : 

t 

Coos  Bay  Service  Area 

6.5 

7.2 

11.3 

Other 

8.9 

6.3 

e.4  j 

\ 

Other  Oregon  Coastal  Areas  Subbasin 

8.8 

8.1 

10.8 

Astoria  Service  Area 

3.4 

3.5 

5.2 

Other 

5.4 

4.6 

5.6 

Washington  Coastal  Subbasin 

13.5 

11.3 

13.8 

Aberdeen  Service  Area 

7.0 

5.6 

6 . 6 

Chehalis-Centralia  Service  Area 

3.2 

2.6 

3.1 

Other 

3.3 

3.1 

4.1 

Total  Subregion 

55.1 

51.1 

68.5 

i 

■ 

i 

Table  141  - Projected  Industrial  Organic 

Waste 

Discharges 

Subregion  10 

Pulp  and  Paper 

1980 

1,126.5 

2000 

(1,000's  P.I 
902.0 

2020 

980.0 

Lumber  and  Wood  Products 

9.3 

5.7 

5.4 

Food  Products 

34.2 

31.4 

43.6 

Total 

1,170.0 

939.1 

1,029.0 

Treatment  Costs 

Curves  showing  estimated  costs  of  constructing  (total  cap- 
ital) and  operating  (annual  operation  and  maintenance)  municipal 
sewage  treatment  plants  for  various  treatment  levels  are  presented 
in  the  "Means  to  Satisfy  Demands"  section  of  the  Regional  Summary. 
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FIGURE  104.  Minimum  Flow  Needs  to  Maintain  Oregon  and  Washington 
Dissolved  Oxygen  Standards  Criteria  (Sea  Level) 

■ 

Other  Pollution  Control  Practices 


' 


Disposal  of  watercraft  wastes  such  as  trash  garbage,  debris, 
sewage,  oil,  and  gasoline,  directly  to  the  waters  without  treatment 
is  presently  a common  practice.  The  control  of  such  wastes  will 
largely  depend  on  legislation  prohibiting  the  discharge  and  re- 
quiring these  wastes  to  be  retained  in  holding  tanks  for  disposal 
on  shore  or  on  the  high  seas . 

Recreation  areas  will  be  increasing  in  number  throughout  the 
subregion.  Sewage  disposal  systems  and  refuse  disposal  adequate  to 
cope  with  weekend  loads  from  use  by  thousands  will  be  needed  in 
many  recreation  areas. 

Dredging  practices  must  be  modified  to  minimize  turbidities 
and  reduce  the  toxic  and  oxygen-demanding  materials  and  scheduled 
at  times  when  the  least  amount  of  damage  will  Disposal  of 

the  dredge  spoils  should  preferably  be  on  land  where  it  will  have 
the  least  influence  on  water  quality. 

It  is  known  that  clearcutting  extensive  areas  of  forest  lands 
will  raise  stream  temperature  until  sufficient  vegetation  cover  is 
restored  to  provide  stream  shade.  Methods  of  harvesting  stream  bank 
timber  left  for  shade  production  need  further  development. 
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FIGURE  106.  Minimum  Flows  Needed  for  Water  Quality  Control, 
Rogue  River 


Minimum  Flow  Requirements 

A set  of  generalized  curves  showing  minimum  flow  require- 
ments for  raw  waste  loadings  subjected  to  various  treatment  levels 
is  presented  in  figures  103  and  104  for  several  D.O.  objectives, 
elevations,  and  self-purification  factors  ( a combined  character- 
istic of  the  waste  and  stream).  Figure  105  shows  generalized  areas 
to  which  particular  graphs  are  applicable.  These  figures  give  only 
approximate  requirements  for  small  to  middle-sized  communities  with 
a normal  mix  of  domestic  and  industrial  wastes. 


Medford  Service  Area 


The  population  of  the  Medford  Service  Area  is  expected  to 
increase  from  72,600  in  1965  to  180,400  in  2020.  The  major  indus- 
trial waste  will  continue  to  be  from  the  lumber  and  wood  products 
industries  and  the  food-processing  industries.  Food  processing  is 


458 


i 

I 


I 

f 

I 

i 


l 


I 


a seasonal  operation;  however,  most  of  the  waste  will  continue  to 
be  treated  in  septic  tanks  and  sub-surface  disposal  with  only  a 
small  amount  reaching  the  waterways. 

Figure  106  shows  the  minimum  streamflow  requirements  for 
1980,  2000,  and  2020  for  assimilation  of  organic  waste.  The  min- 
imum required  flow  of  183  cfs  in  2020  is  well  below  the  one-in- 
ten-year  mean  monthly  low  flow  of  720  cfs  near  Eagle  Point.  The 
projection  includes  the  maximum  month  waste  production  from  the 
food-processing  industries. 

1 

Coos  Bay  Service  Area 

The  population  of  the  Coos  Bay  Service  Area  is  projected  to 
increase  from  31,300  in  1965  to  90,300  in  2020.  The  major  indus- 
trial waste  material  will  continue  to  be  from  the  pulp  and  paper 
industries  and  from  seafood  processing.  The  existing  pulp  mills 
are  expected  to  expand,  with  the  possibility  of  an  additional  new 
mill  being  constructed.  The  mills  are  expected  to  employ  chemical 
recovery  followed  by  waste  treatment  to  reduce  the  organic  load 
to  an  acceptable  level.  The  seafood-processing  plants  are  expected 
to  provide  treatment  of  waste  before  discharge. 


Astoria  Service  Area 

The  population  of  the  Astoria  Service  Area  is  expected  to 
increase  from  17,700  in  1965  to  41,600  in  2020.  Seafood  processing 
is  the  primary  industry,  and  most  of  the  plants  provide  solids 
waste  removal.  The  Oregon  Water  Quality  Standards  require  that 
wastes  be  accorded  secondary  treatment  or  the  equivalent  before 
discharge  into  the  Columbia  River.  No  water  quality  problems  are 
anticipated  after  treatment  is  provided. 


Aberdeen  Service  Area 

The  population  in  the  Aberdeen  Service  Area  is  expected  to 
increase  from  35,500  in  1965  to  52,500  in  2020.  The  principal 
waste  source  will  continue  to  be  the  pulp  and  paper  industries. 
The  Washington  Water  Quality  Standards  require  secondary  treat- 
ment and  outfall  improvement  for  the  major  portion  of  the  waste 
discharged  into  Grays  Harbor.  Because  of  the  accumulated  sludge 
deposits  and  upwelling,  it  is  expected  the  water  quality  will  be 
below  standards  until  the  sludge  has  oxidized. 
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Chehalis-Centralia  Service  Area 


The  population  of  the  Chehalis-Centralia  Service  Area  is 
projected  to  increase  from  17,300  in  1965  to  approximately  25,000 
in  2020.  The  organic  waste  load  produced  by  food-processing 
plants  either  enters  the  municipal  sewers  or  is  disposed  of  on 
the  land.  Several  sand-and-gravel  and  mining  operations  in  the 
area  are  a source  of  sediment  and  inorganic  material. 


Other  Minimum  Flow  Requirements 

, Rural  wastes  will  be  of  major  significance  in  a number  of 

areas.  The  disposal  of  wastes  to  septic  tanks  and  absorption 
fields  will  continue  to  represent  a possible  hazard  to  the  shallow 
aquifers,  the  source  of  most  rural  water  supplies.  The  dairy 
farms  in  the  coastal  valleys  will  also  continue  to  produce  sig- 
nificant amounts  of  raw  organic  wastes.  These  wastes  for  the  most 
part  are  disposed  of  on  the  lands,  and  a small  amount  reaches  the 
waters . 

Should  the  price  of  gold  increase,  it  is  expected  that  the 
mines  in  Josephine,  Jackson,  and  Grant  Counties  will  be  reactivated, 
i Mining  and  sand-and-gravel  operations  create  localized  problems  of 

turbidity  and  sedimentation. 


Management  Practices 

The  states  occupy  a strategic  position  in  water  quality 
management.  They  are  the  focal  point  and  have  the  responsibility 
for  water  pollution  control.  The  ability  of  the  pertinent  state 
agencies  to  discharge  their  responsibilities  must  be  strengthened 
in  order  to  enhance  the  effectiveness  of  their  roles  in  water 
quality  management  by  engineering  and  planning  developments. 

The  uses  of  each  body  of  water  and  water  courses  must  be 
firmly  established  and  the  system  managed  to  protect  all  the  uses. 
The  physical  and  biological  characteristics  of  each  body  of  water 
must  be  evaluated  and  understood  to  adequately  predict  the  results 
of  any  development  or  changes  in  the  system. 
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SUBREGION  11 
PUGET  SOUND 


INTRODUCTION 

The  Puget  Sound  Subregion  covers  an  area  of  13,355  square 
miles  entirely  in  the  State  of  Washington.  The  area  is  bounded 
on  the  north  by  Canada,  on  the  east  by  the  Cascade  Range,  on  the 
west  by  the  Olympic  Mountains,  and  on  the  south  by  a range  of  low 
hills.  The  central  physiographic  feature  is  a broad,  north-tren- 
ding structural  trough  flanked  by  mountains.  The  prominent  cones 
of  the  Cascade  Range  are  Mr.  Baker,  Mt.  Rainier,  and  Glacier  Peak. 

The  climate  of  the  Puget  Sound  is  typified  by  cool,  dry 
summers  and  mild,  wet  winters.  Mean  annual  temperatures  average 
about  50°  F.  (10°  C.),  and  extreme  annual  temperatures  range  from 
-20°  to  106°  F.  (-28.9°  to  41.1°  C.).  Predominating  air  circula- 
tion brings  moisture-laden  air  from  the  Pacific  Ocean  into  the 
area.  Resulting  annual  average  precipitation  ranges  from  less 
than  20  inches  in  the  western  sector  of  the  Sound,  in  the  "rain 
shadow  of  the  Olympics,"  to  over  100  inches  in  the  Olympic  and 
Cascade  Mountains.  Three-fourths  of  the  annual  precipitation 
falls  in  the  six  months  from  October  through  March.  Light  rains 
account  for  most  of  the  precipitation  at  the  lower  elevations, 
whereas  heavy  winter  snows  are  the  predominant  form  at  the  higher 
elevations  in  the  Cascade  and  Olympic  Mountains. 


PRESENT  STATUS 

In  the  past  several  decades  the  economy  has  changed  from 
dependence  on  natural  resources  to  a more  diversified  commercial 
and  industrial  base.  However,  forest  industries,  agriculture, 
and  commercial  fisheries  still  represent  a significant  economic 
force.  Industries  such  as  aerospace,  aircraft,  food  processing, 
pulp  and  paper  making,  and  petroleum  refineries  are  becoming  in- 
creasingly important.  The  port  facilities  in  this  subregion  are 
among  the  best  on  the  West  Coast.  The  numerous  islands  in  the 
area  also  provide  an  outstanding  recreation  source. 

This  is  the  most  heavily  populated  subregion  in  the  C-NP 
Region,  with  1.97  million  persons,  which  is  about  32  percent  of 
the  Region's  total.  They  are  concentrated  along  rivers  and  along 
the  eastern  shores  of  Puget  Sound.  The  six  major  service  areas 
account  for  about  68  percent  of  the  subregion’s  population. 
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MUNICIPAL  AND  INDUSTRIAL 
WASTES  BY  SUBBASIN 

PUGET  SOUND  SUBREGION  II 


FIGURE  107 


The  Puget  Sound  Subregion  (figure  107)  is  divided  into  the 
North,  Central,  and  West  Subbasins.  The  major  service  areas  with- 
in these  subbasins  are  the  Bellingham,  Everett,  Seattle,  Tacoma, 
Olympia,  and  Bremerton  areas. 

Municipalities  and  industries  are  the  largest  sources  of 
organic  wastes  in  the  Puget  Sound  Subregion.  A graphical  summary 
of  the  municipal  and  industrial  waste  production  and  discharge 
is  also  shown  in  figure  107  for  each  subbasin.  The  pulp  and  paper 
industry  is  the  major  source  of  oxygen-demanding  wastes.  Other 
important  waste  sources  result  from  navigation  and  dredging  opera- 
tions, recreation,  and  land  use  and  management  practices. 

The  major  rivers  contain  high  quality  water  suitable  for 
almost  all  uses.  However,  in  the  lower  reaches  near  the  Sound, 
urban  and  industrial  buildup  has  had  a measurable  effect  on  water 
quality.  In  several  streams  bacterial  counts  are  higher  and  dis- 
solved oxygen  levels  are  lower  than  desirable  levels.  In  addition, 
some  bays,  harbors,  and  inlets  have  shown  water  quality  degrada- 
tion. 


Stream  Characteristics 

The  principal  rivers  draining  the  east  slope  of  the  Olympic 
Mountains  are  the  Elwha  and  Skokomish  Rivers.  The  Dungeness  River 
discharges  only  about  one-third  as  much  water  as  the  adjacent 
streams,  because  the  basin  lies  in  the  rain  shadow  of  the  Olympic 
Mountains.  Numerous  rivers  drain  the  west  slope  of  the  Cascade 
Mountains.  Some  of  them  originate  in  the  glaciers  located  in  the 
North  Cascades.  These  glaciers  tend  to  regulate  streamflow  by 
accumulating  and  storing  precipitation  during  cold,  wet  years  and 
releasing  more  than  average  amounts  of  water  during  hot,  dry  years. 
' The  principal  rivers  in  the  western  Cascade  Mountains  are  the  Nis- 

' quaily,  Puyullup,  Green,  Cedar,  Snohomish,  Stillaguamish,  Skagit, 

and  Nooksack  Rivers. 

Average  annual  runoff  of  all  streams  amounts  to  about  53,100 
cfs  (38.45  million  acre-feet),  of  which  about  1,000  cfs  originate 
in  Canada.  This  provides  an  average  discharge  of  3.9  cfs  per 
square  mile,  the  highest  rate  of  runoff  of  any  subregion  in  the 
Columbia-North  Pacific  Region. 


Surface-Water  Hydroloc 


Streams  heading  in  the  Olympics  exhibit  two  peak  flow  pe- 
riods; one  during  high  winter  precipitation,  and  the  other  during 
the  spring  rains  and  snowmelt  period.  Generally,  the  greatest 
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monthly  flows  occur  in  May  and  June.  By  contrast,  winter  flows 
are  more  variable  and  are  often  characterized  by  sharp  rises  due 
to  storms.  Where  the  effect  of  the  rain  shadow  is  not  pronounced, 
the  winter  peak  becomes  dominant  and  the  two  seasonal  peaks  tend 
to  merge  into  one  long  period  of  high  flows.  In  general,  minimum 
monthly  flows  of  streams  in  the  southern  portion  of  the  Olympic 
Peninsula  occur  during  the  months  of  August  and  September,  whereas 
in  the  northern  areas  minimum  flows  extend  into  October.  In  the 
eastern  portion  of  the  subregion,  the  numerous  glaciers  have  the 
effect  of  supplementing  streamflows  and  practically  eliminating 
extreme  low  flows  during  summer  months.  At  high  altitudes  the 
minimum  runoff  occurs  in  February  and  March,  but  at  lower  eleva- 
tions the  minimum  flow  in  streams  normally  occurs  in  September. 
Streamflow  from  October  to  March  is  characterized  by  a series  of 
sharp  rises  superimposed  on  an  increasing  base  flow  which  is 
highest  in  December.  As  temperatures  begin  to  rise  in  April, 
snowmelt  causes  a rise  in  streamflow  which  usually  reaches  a 
peak  by  mid-June.  Table  142  presents  monthly  discharge  data  for 
selected  stations. 

From  the  standpoint  of  waste  discharge  control,  the  low- 
flow  months  from  August  to  October  are  the  most  important.  One- 
in-ten-year  low  flow  is  the  selected  recurrency  frequency  for 
predicting  critical  low  flows.  These  data  are  summarized  for 
selected  stations  in  table  143. 


Table  143  - One-in-Ten-Year  Monthly  Low  Flows,  Subregion  11  (12) 


Low  Flow 


Stream  and  Location  (cfs)I/ 

Elwha  River  near  Port  Angeles,  Washington  330 

Dungeness  River  near  Dequim,  Washington  98 

Duckabush  River  near  Brinnon,  Washington  55 

North  Fork  Skokomish  River  near  Hoodsport,  Washington  52 

Nisqually  River  at  LaGrande,  Washington  0 

White  River  at  Greenwater,  Washington  240 

Puyallup  River  at  Puyallup,  Washington  980 

Green  River  near  Auburn,  Washington  130 

South  Fork  Skykomish  River  near  Index,  Washington  310 

Snoqualmie  River  near  Carnation,  Washington  500 

South  Fork  Stillaguamish  River  near  Granite  Falls,  Wash.  86 

North  Fork  Stillaguamish  River  near  Arlington,  Wash.  190 

Skagit  River  near  Hope,  British  Columbia  120 

Skagit  River  near  Newhalem,  Washington  1,000 

Sauk  River  near  Sauk,  Washington  900 

Skagit  River  near  Concrete,  Washington  5,100 

Nooksack  River  at  Deming,  Washington  950 


1/  Period  of  one  month 


Impoundments  and  Stream  Regulation 


At  present,  there  are  over  20  major  impoundments  in  the 
Puget  Sound  Subregion,  providing  a total  storage  capacity  of  a- 
bout  3.14  million  acre-feet.  The  storage  in  these  impoundments 
has  been  allocated  for  the  purposes  of  municipal  water  supply, 
power,  flood  control,  recreation,  and  irrigation. 

Few  effects  on  water  quality  have  been  documented  for  the 
major  reservoirs  in  the  subregion.  Ross  Dam  modifies  the  tem- 
perature regime  of  the  downstream  reaches  of  the  Skagit  River  with 
little  effect.  Probably  the  most  significant  adverse  effect  has 
been  on  the  White  River,  a tributary  of  the  Puyallup.  Mud  Moun- 
tain Dam  is  operated  as  a single-purpose  flood  control  structure, 
storing  the  winter  and  spring  floods  which  carry  substantial 
suspended  material  of  glacial  origin.  To  prevent  a buildup  of 
this  material  on  the  reservoir  floor,  the  reservoir  is  flushed 
out  each  fall.  This  introduces  a large  slug  of  sediment  to  the 
White  River  during  its  low-flow  period,  seriously  degrading  water 
quality.  This  operation  procedure  is  undergoing  review  to  find 
a means  which  will  achieve  the  same  results  without  impact  to 
water  quality.  Lake  Whatcom  receives  inflows  diverted  from  the 
Middle  Fork  of  the  Nooksack  River  which  contain  large  sediment 
loads  of  glacial  origin.  There  has  been  no  noticeable  effect 
upon  the  lake  from  the  suspended  material,  but  the  study  is  con- 
tinuing to  discern  any  adverse  trend. 


Ground-Water  Characteristics 

Relatively  young  alluvial  and  glacial  deposits  form  a deep 
fill  throughout  most  of  the  lowland,  and  moderate  to  large  yields 
are  available  at  many  places  from  the  sand  and  gravel  of  these 
deposits.  The  largest  yields  generally  are  from  glacial  outwash 
gravels  in  the  south  half  of  the  lowland;  yields  of  more  than 
6,000  gpm  (gallons  per  minute)  have  been  recorded.  At  places, 
however,  the  deposits  include  thick  layers  of  clay,  silt,  fine 
sand,  or  till  which  yield  little  or  no  water.  Young  volcanic  rocks 
crop  out  in  relatively  small  areas  in  the  mountains.  Their  chief 
hydrologic  significance  is  in  serving  as  ground-water  reservoirs, 
supplying  summer  flow  to  streams  draining  them. 

Older  volcanic  and  consolidated  sedimentary  rocks  crop  out 
at  a few  places  in  the  lowlands  and  in  the  highlands  flanking  the 
basin.  Generally,  they  yield  only  small  mounts  of  water  sufficient 
for  small  public  and  industrial  supplies. 

Other  consolidated  and  crystalline  rocks  form  the  core  of 
the  Olympic  Mountains,  the  Cascade  Range  north  of  the  Snoqualmie 
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River,  and  most  of  the  San  Juan  Islands.  These  rocks  generally 
have  a low  porosity  and  permeability,  and  yield  only  small  sup- 
plies to  wells.  However,  a fairly  thick  zone  of  weathered  mater- 
ial with  talus,  landslide,  and  other  debris  forms  a shallow  ground- 
water  reservoir  that  is  important  in  maintaining  the  summer  flow 
of  streams. 

The  water  throughout  the  Puget  Sound  Subregion  usually  has 
dissolved  solids  of  less  than  150  mg/1.  Silica  concentrations  are 
generally  found  in  the  range  of  20  to  60  mg/1,  and  the  water  is  a 
soft  to  moderately  hard  calcium-magnesium  bicarbonate  type.  Ex- 
cessive iron  probably  causes  more  problems  than  any  other  constit- 
uent or  characteristic.  Temperature  generally  ranges 
48°  to  55°  F.  (9°  to  13°  C.). 


Pollution  Sources 

The  municipal  and  industrial  waste  production  and  treat- 
ment, in  population  equivalents,  in  the  Puget  Sound  Subregion  are 
summarized  by  subbasin  in  table  144. 

At  present,  municipalities  and  industries  in  the  subregion 
produce  wastes  equivalent  to  those  from  a population  of  approxi- 
mately 15.9  million  persons.  Of  this  total,  82.7  percent  is 
generated  by  the  pulp  and  paper  industry,  8.9  percent  by  munici- 
palities, 8.0  percent  by  the  food-processing  industry,  and  .4 
percent  by  the  lumber  and  wood  products  and  other  industries. 

Waste  treatment  and  other  means  of  waste  reduction  decrease 
the  normal  waste  discharge  to  the  subregion's  waters  by  about  13 
percent,  so  that  14.44  million  population  equivalents  actually 
reach  waterways.  Of  this  total,  88.9  percent  is  discharged  by  the 
pulp  and  paper  industry,  5.1  percent  by  municipalities,  5.6  per- 
cent by  the  food-processing  industry,  and  0.4  percent  by  other 
industries.  About  13.42  million  PE  are  released  to  marine  waters, 
and  1.02  million  PE  are  discharged  to  fresh  waters. 

Other  significant  sources  of  pollution  include  wastes  from 
the  rural-domestic  population,  irrigation,  agricultural  animals, 
land  use  and  management,  navigation  and  dredging,  recreation,  and 
natural  sources.  Land  use  is  probably  the  most  important  of  these, 
since  it  contributes  heavily  to  sediment  problems  in  the  subregion. 


Municipalities 

North  Subbasin  Approximately  63,940  persons  or  47  percent 
of  the  North  Subbasin  population,  are  served  by  municipal  waste 
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treatment  systems.  In  general,  municipal  waste  treatment  facil- 
ities are  in  need  of  improvement  or  upgrading.  An  average  re- 
duction in  biochemical  oxygen  demand  of  only  40  percent  is  accom- 
plished, so  that  56,120  PE  are  released  to  waterways.  Of  the  18 
municipal  systems,  only  four  provide  secondary  treatment. 

The  Bellingham  Service  Area  accounts  for  nearly  half 
of  the  municipal  waste  discharge.  The  City  of  Bellingham  operates 
a primary  treatment  plant  which  discharges  an  organic  loading  of 
about  27,300  PE  to  Whatcom  Creek.  South  Bellingham  has  a sewer 
collection  system  which  discharges  raw  sewage  to  Bellingham  Bay. 

I 

The  cities  of  Sedro  Woolley,  Mt.  Vernon,  and  Burlington 
discharge  normal  waste  loadings  of  4,200,  9,000,  and  800  PE  re- 
spectively, to  the  lower  Skagit  River.  In  addition,  from  July 
to  October  the  Mt.  Vernon  system  treats  food-processing  wastes, 
which  increase  the  effluent  loading  to  about  58,000  PE.  Each  of 
the  communities  is  in  need  of  additional  and/or  improved  treat- 
ment . 


The  communities  of  Blaine,  Ferndale,  Lynden,  Anacortes , 
and  Friday  Harbor  are  also  major  municipal  waste  sources.  Only 
Lynden  with  a secondary  treatment  plant  has  an  adequate  level  of 
treatment.  The  raw  sewage  collected  by  the  town  of  Friday  Harbor 
is  emptied  into  the  harbor  through  three  outfalls.  The  remaining 
communities  have  primary  treatment  facilities  or  the  equivalent. 

Central  Subbasin  In  the  Central  Subbasin,  870,374  persons, 
or  54  percent  of  the  subbasin  population,  are  served  by  municipal 
waste  treatment  facilities.  An  average  reduction  in  the  oxygen- 
demanding waste  load  of  about  52  percent  is  achieved,  so  that 
568,050  PE  are  released  to  waters  of  the  subbasin.  The  prevailing 
level  of  waste  treatment  is  primary.  However,  a number  of  systems 
operate  adequate  lagoons  or  secondary  treatment  plants. 

The  Seattle  Metropolitan  Area  is  the  largest  municipal 
waste  source  in  the  Columbia-North  Pacific  Region.  Approximately 
260,000  PE  are  discharged  from  the  service  area.  The  area  is  pri- 
marily served  by  the  waste  collection  and  treatment  facilities  of 
the  Municipality  of  Metropolitan  Seattle  (METRO).  METRO  operates 
treatment  plants  at  West  Point,  Alki  Point,  Carkeek  Park,  Richmond 
Beach,  Renton,  Diagonal  Avenue,  and  Tukwila.  Wastes  collected  for 
treatment  in  tic  Diagonal  Avenue  and  Tukwila  plants  are  scheduled 
to  be  intercepted  for  treatment  in  the  large  Renton  secondary  treat- 
ment plant.  However,  at  present  these  facilities  discharge  a 
waste  loading  of  about  34,000  PE  to  the  Duwamish  River.  The  West 
Point  primary  treatment  plant  is  the  largest  in  the  Pacific  North- 
west, discharging  abut  113,000  PE  to  Pug.t  Sound.  The  three  other  .»* 

METRO  primary  treatment  plants  discharge  about  41,000  PE  to  Puget  I 
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Sound.  Major  waste  loadings  in  the  Seattle  Metropolitan  Area  are 
also  contributed  by  the  Southwest  Suburban  Sanitary  District  and 
the  cities  of  Edmonds  and  Lynnwood.  The  primary  treatment  plants 
in  these  areas  release  about  22,500,  24,000,  and  6,300  PE,  respec- 
tively, to  Puget  Sound.  Other  major  waste  sources  are  the  cities 
of  Kent  and  Auburn,  which  release  about  10,770  and  5,000  PE,  re- 
spectively, to  the  Green  River.  A few  small  sanitary  districts 
contribute  minor  waste  loadings  to  Puget  Sound,  but  most  are 
scheduled  to  be  intercepted  by  the  METRO  system.  In  addition, 
about  50  tons  per  day  of  digested  sludge  are  discharged  to  the 
Sound  from  several  Seattle  area  treatment  facilities. 

The  Tacoma  Service  Area  accounts  for  a municipal  waste  load- 
ing of  about  193,000  PE  to  subbasin  waters.  The  city's  three 
primary  treatment  plants  discharge  about  130,000  PE  to  the  Puyallup 
River  and  63,000  PE  to  marine  waters.  The  dry  weather  flow  to  the 
largest  primary  facility  often  exceeds  its  hydraulic  capacity, 
with  the  result  that  raw  sewage  is  bypassed  to  the  Puyallup  River 
and  into  Commencement  Bay.  Near  the  Tacoma  Service  Area,  the 
Fort  Lewis  Military  Reservation  and  the  town  of  Steilacoom  are 
important  waste  sources.  The  Fort  Lewis  sewage  system,  after 
primary  treatment,  discharges  45,000  PE  into  Cormorant  Passage. 

The  Steilacoom  primary  treatment  plant  releases  about  4,000  PE 
to  the  Chambers  Creek  tidal  basin. 

The  City  of  Everett  has  a waste  stabilization  pond  for 
treatment  of  domestic  wastes.  The  facility  discharges  about  2,000 
PE  to  the  Snohomish  River.  The  Washington  Water  Quality  Standards 
require  expansion  of  the  lagoon  and  disinfection  of  the  effluent. 

Other  significant  waste  sources  in  the  Central  Subbasin 
are  the  scattered  communities  in  the  Puyallup  and  Snohomish  River 
drainages  and  municipalities  in  the  Oak  Harbor  area. 

In  the  Puyallup  drainage,  the  town  of  Puyallup,  which  dis- 
charges about  7,500  PE  to  the  Puyallup  River,  is  the  principal 
waste  source.  Several  other  smaller  communities  discharge  a com- 
bined waste  loading  of  about  6,600  PE  to  the  Puyallup  River  and 
tributaries . 

In  the  Snohomish  River  area,  the  City  of  Snohomish  is  the 
largest  waste  source,  discharging  a normal  waste  load  of  5,000  PE 
to  the  Snohomish  River.  However,  from  July  to  October,  food- 
processing wastes  treated  in  the  municipal  facility  increase  the 
organic  waste  loading  to  about  20,000  PE.  Other  municipal  waste 
sources  in  the  drainage  area  contribute  only  about  3,000  PE  to 
waterways . 
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West  Subbasin  Approximately  107,440  persons,  or  48  percent 
of  the  West  Subbasin  population,  are  served  by  municipal  waste 
treatment  facilities.  An  average  removal  of  27  percent  of  the  or- 
ganic waste  loading  is  accomplished,  resulting  in  the  discharge 
of  116,140  PE.  Most  communities  provide  waste  treatment  at  least 
equivalent  to  conventional  primary  treatment. 

The  Bremerton  Service  Area  is  the  largest  waste  source  in 
the  West  Subbasin,  releasing  about  32,000  PE  to  the  waters  of 
Sinclair  Inlet.  The  City  of  Bremerton  has  two  primary  treatment 
plants  that  discharge  waste  loadings  of  about  16,000  and  13,800 
PE.  The  Naval  Shipyards  located  at  Bremerton  discharge  their 
sanitary  wastes  to  city  sewage  treatment  plant  #2.  The  City  of 
Port  Orchards  also  provides  primary  waste  treatment  and  contributes 
about  2,000  PE  to  Sinclair  Inlet. 

The  Olympia  Service  Area  accounts  for  a municipal  waste 
loading  of  about  95,000  PE  to  Budd  Inlet.  The  city's  primary 
treatment  facility  serves  22,000  persons  and  several  industries 
connected  to  the  sewage  system,  the  largest  being  the  Olympia 
Brewing  Company,  which  discharges  about  60,000  PE. 

The  towns  of  Port  Angeles,  Port  Townsend,  Shelton,  and 
Poulsbo  are  also  major  waste  sources  in  the  West  Subbasin.  These 
communities  discharge  15,000,  6,000,  3,400,  and  1,000  PE,  respec- 
tively, to  the  waters  of  Puget  Sound  from  primary  treatment  plants. 
Winslow  and  Sequim  are  minor  waste  sources,  contributing  630  and 
250  PE,  respectively,  to  Puget  Sound. 

The  community  of  Eatonville  is  the  only  municipal  waste 
source  in  the  subbasin  discharging  to  a freshwater  stream.  The 
town  operates  adequate  waste  stabilization  ponds  so  that  only  100 
PE  are  released  to  the  Mashel  River. 


Industries 

North  Subbasin  The  raw  industrial  waste  load  generated  in 
the  North  Subbasin  approximates  over  2.96  million  population  equi- 
valents, of  which  only  about  four  percent  is  presently  removed  by 
waste  treatment  before  discharge.  Over  90  percent  of  the  waste 
load  is  released  to  marine  waters,  and  the  remainder  is  discharged 
to  fresh  waters.  The  lower  Skagit  River,  Bellingham  Bay,  and 
Guemes  Channel  receive  the  largest  quantities  of  wastes.  The  prin- 
cipal waste  sources  are  the  pulp  and  paper,  and  food  products  in- 
dustries . 

The  major  waste  sources  are  the  pulp  and  paper  mills  at 
Bellingham  and  a paper  company  at  Anacortes.  These  mills  account 
for  nearly  85  percent  of  the  total  organic  waste  discharge.  The 
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Bellingham  calcium-base  sulfite  pulp,  board,  and  paper  mill 
discharges  1,687,000  PE  to  Bellingham  Bay.  The  paper  mill  dis- 
charges 778,000  PE  to  Guemes  Channel. 

A number  of  seafood  and  food-processing  and  packing  plants 
operating  in  the  subbasin  discharge  wastes  w'ith  only  minimal  treat- 
ment. A total  organic  loading  equivalent  to  that  from  a population 
of  404,670  persons  is  released  during  the  processing  season.  The 
major  waste  production  is  in  the  Mt.  Vernon,  Lynden,  Bellingham, 
Anacortes , Burlington,  and  Friday  Harbor  areas.  These  areas  account 
for  waste  loadings  of  about  66,000,  25,700,  58,600.  40,000, 

40,200  and  2,800  PE,  respectively.  The  food  products  industries 
at  Mr.  Vernon  and  Burlington  discharge  primarily  to  the  Skagit 
River,  and  in  Ly'nden  disposal  is  made  to  the  Nooksack  River. 

In  the  other  areas,  wastes  are  usually  disposed  of  to  marine 
waters.  In  general,  the  Washington  Water  Quality  Standards  require 
that  food-processing  industries  in  the  subbasin  provide  facilities 
to  discharge  all  wastes  to  municipal  sewer  systems.  However,  if 
this  is  not  possible,  secondary  treatment  facilities  are  to  be 
constructed. 

The  lumber  and  wood  products  industry  represents  a minor 
waste  source.  Only  about  6,000  PE  are  attributed  to  this  industry. 

A veneer  company  at  Anacortes,  which  discharges  6,000  PE  to  Fidalgo 
Bay,  is  the  largest  waste  source.  The  Washington  Water  Quality’ 
Standards  require  that  the  mill  connect  to  the  Anacortes  munici- 
pal sewer  system. 

Other  minor  sources  of  wastes  are  the  petroleum-processing 
and  primary  metals  industries.  These  sources  generally’  do  not 
discharge  high  oxygen-demanding  effluents,  but  the  effluents  may 
contain  objectionable  oil  concentrations  or  toxic  constituents. 

The  refineries  effectively  control  wastes  by  providing  secondary 
treatment.  Wastes  which  are  high  in  temperature  and  which  con- 
tain large  amounts  of  fluoride  are  discharged  by  an  aluminum 
company  at  Ferndale  through  an  outfall  to  the  Straits  of  Georgia. 

Central  Subbasin  Industrial  wastes  in  the  Central  Subbasin 
constitute  about  51  percent  of  the  total  oxygen-demanding  strength 
of  all  wastes  discharged  to  waters  of  the  Puget  Sound  Subregion. 

The  raw  industrial  waste  load  generated  is  approximately  8.0 
population  equivalents,  of  which  nine  percent  is  removed  by  waste 
treatment.  Nearly  98  percent  of  the  wastes  are  released  to  marine 
waters,  and  the  remainder  are  discharged  to  fresh  waters.  Elliott 
Bay,  Commencement  Bay,  the  Duwamish  River,  the  lower  Snohomish 
River,  and  Everett  Harbor  receive  the  largest  waste  loadings. 

The  major  waste  sources  are  seven  pulp  and  paper  mills.  As 
a group,  these  mills  account  for  an  organic  loading  of  6,992,500 
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PL,  or  over  90  percent  of  the  total  organic  waste  production  in 
the  subbasin.  About  95  percent  of  the  waste  loading  is  centered 
in  the  Lverett  area. 


The  food  products  industry  releases  an  estimated  waste 
loading  of  381,400  PE.  The  largest  quantities  of  wastes  are  dis- 
charged from  plants  in  the  Seattle  Metropolitan  Area  and  at 
Stanwood . 


The  lumber  and  wood  products  industry  represents  a relatively 
minor  waste  source,  allowing  about  19,500  PE  to  be  released  to 
waterways . 

Other  sources  of  wastes  are  the  petroleum  processing,  primary 
metals,  chemical  products,  and  manufacturing  industries.  These 
industries  discharge  an  organic  loading  of  about  39,300  PE,  but 
many  plants  contribute  inorganic  wastes,  including  oils,  chemicals, 
acids,  and  other  toxic  materials. 


In  the  Everett  Service  Area,  four  pulp  and  paper  mills  and 
several  food  products  and  lumber  and  wood  products  plants  discharge 
about  6,740,000  PE  to  the  lower  Snohomish  River  and  Everett  Harbor. 
A paper  company  is  the  major  waste  source,  discharging  4,481,000 
j PE  to  Everett  Harbor.  The  effluent  from  the  calcium  and  ammonia- 

base  sulfite  plant  consists  of  paper  mill  white-waters,  which  have 
passed  through  save-alls  for  fiber  recovery;  clarified  effluent 
from  sedimentation  facilities;  and  low  suspended  solids  wastes 
from  the  pulp  mill.  A sulfite  pulp  mill  produces  about  1,910,000 
PE.  Strong  digester  wastes  and  caustic  extract  from  the  bleach 
plant  are  discharged  into  Port  Gardner  through  a deepwater  diffuser 
outfall.  All  other  mill  wastes  are  discharged  into  Everett  Harbor. 
The  same  company  also  has  a sulfate  pulp  mill  located  along  the 
Snohomish  River,  which  generates  about  240,000  PE.  Process  wastes 
' from  pulp-drying  machines  are  discharged  through  a sewer  to  the 

Snohomish  River,  while  all  other  wastes  are  pumped  into  a large 
holding  lagoon  which  discharges  into  Streamboat  Slough.  A paper 
company  sulfate  pulp  and  paper  mill  releases  about  60,000  PE 
from  settling  lagoons  to  the  Snohomish  River.  The  mill  is  the 
principal  source  of  suspended  solids  discharged  to  the  river, 
contributing  about  22  tons  per  day.  Two  lumber  mills  are  located 
on  the  Snohomish  River  which  produce  liquid  wastes  from  debarking 
operations.  These  wastes  receive  primary  treatment,  with  the 
effluent  (about  12,00  PE)  being  discharged  to  the  river.  The 
food  products  industry  and  an  industrial  plant  also  represent 
significant  waste  sources  in  the  Everett  area.  These  industries 
release  about  12,600  and  15,000  PE,  respectively,  to  the  Snohomish 
River  without  treatment.  The  Washington  Water  Quality  Standards 
require  that  all  pulp  and  paper  mills  except  sulfate  mills  install 
primary  treatment.  The  sulfite  mills  must  also  provide  for  a 
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reduction  in  the  discharge  of  sulfite  waste  liquor  solids.  In 
general,  industrial  wastes  are  scheduled  to  be  intercepted  by  the 
METRO  system. 

Numerous  food  products  and  other  industries  in  the  Seattle 
Metropolitan  Area  discharge  large  quantities  of  organic  and  inor- 
ganic wastes  to  the  Duwamish  River  and  Elliott  Bay.  The  total 
estimated  organic  waste  loading  to  these  water  bodies  are  70,900 
and  130,000  PE,  respectively.  In  addition,  large  quantities  of 
inorganic  chemical  wastes,  some  of  which  are  toxic,  are  released 
to  the  waters.  The  wastes  include  cyanides,  chromates,  pickling 
liquors,  caustics,  acids,  greases,  and  phenols.  The  majority  of 
the  toxic  wastes  are  neutralized  or  receive  complete  treatment, 
but  some  untreated  wastes  are  discharged  into  the  water.  In  gen- 
eral, most  industrial  wastes  are  scheduled  to  be  intercepted  by  the 
METRO  system. 

In  the  Tacoma  Service  Area,  the  pulp  and  paper  industry  is 
the  largest  waste  source.  A paper  company,  located  at  the  mouth 
of  the  Puyallup  River,  discharges  about  294,000  PE  into  Commence- 
ment Bay.  Another  paper  company  discharges  about  31,000  PE  to 
Chambers  Creek  after  primary  treatment.  Several  food  products, 
and  lumber  and  wood  products  plants  release  about  40,000  PE  to 
the  lower  Puyallup  River  and  Commencement  Bay.  The  Washington 
Water  Quality  Standards  call  for  secondary  treatment  and  sub- 
marine outfall  facilities  for  the  pulp  and  paper  mills.  Other 
wastes  are  to  be  intercepted  by  the  Tacoma  municipal  sewer  system. 

Other  significant  waste  sources  in  the  Central  Subbasin 
are  the  food  products  industries  in  the  Stanwood,  Snohomish, 

Black  Diamond,  and  Puyallup  areas;  and  the  forest  products  in- 
dustries in  the  Enumclaw  and  Sumner  areas.  The  largest  individual 
source  is  at  Stanwood.  It  discharges  about  185,000  PE  to  the 
Sti llaguamish  River  from  June  to  November. 

West  Subbasin  The  raw  industrial  waste  production  in  the 
West  Subbasin  is  approximately  3.42  million  population  equivalents, 
of  which  less  than  one  percent  is  presently  removed  by  waste 
treatment.  Nearly  100  percent  of  the  waste  load  is  released  to 
marine  waters.  The  principal  waste-receiving  water  bodies  are 
Port  Angeles  Harbor,  Port  Townsend  Bay,  and  Oakland  Bay. 

The  major  waste  sources  are  three  pulp  and  paper  mills  in  th 
Port  Angeles  area.  A sulfite  pulp  mill  is  by  far  the  most  sig- 
nificant pollution  source,  contributing  about  2,82 0,000  PE  and 
1,157  tons  of  solids  daily  to  Port  Angeles  Harbor.  Another  sul- 
fite pulp  and  board  mill  discharges  264,000  PE  and  76  tons  of 
solids  per  day  directly  to  harbor  surface  waters.  A mill  located 
at  the  inner  end  of  the  harbor,  releases  wastes  containing  145,000 


PE  and  47  tons  of  solids  directly  outside  the  harbor.  Generally, 
these  wastes  are  dispersed  seaward  by  Strait  currents  and,  there- 
fore, are  not  prominent  within  the  main  Port  Angeles  area.  How- 
ever, during  past  years  now-discontinued  discharges  of  high  sus- 
pended solids  wastes  into  the  Port  Angeles  Harbor  substantially 
contributed  to  a large  sludge  bed  still  present  at  the  inner  end 
of  the  harbor.  A plywood  mill  located  along  the  inner  southern 
shore  of  Port  Angeles  Harbor  discharges  into  the  harbor  glue 
waste  containing  an  organic  strength  of  2,000  PE. 

A pulp  and  paper  mill  discharges  an  organic  waste  loading 
of  about  96,000  PE  without  treatment  to  Port  Townsend  Bay. 


The  major  waste  producer  in  the  Shelton  area  is  a timber 
company,  which  discharges  23,000  PE  to  the  waters  of  Oakland  Bay. 
The  mill  is  to  install  secondary  treatment. 


Other  relatively  minor  industrial  waste  loadings  are  dis- 
charged to  Budd  Inlet  from  the  Olympia  area,  and  to  Sinclair  In- 
let from  the  Bremerton  area. 

j 

Rural -Domestic 

Approximately  930,900  persons,  or  47.2  percent  of  the  sub- 
region's population,  are  served  by  individual  waste  disposal 
systems.  Table  145  summarizes  by  subbasin  the  population  and  the 
percent  of  subbasin  and  subregion  population  served  by  the  in- 
dividual systems.  In  general,  septic  tanks  and  some  type  of  sub- 
surface drainage  are  used  for  waste  disposal.  The  actual  waste 
load  reaching  waterways  from  rural-domestic  sources  is  not  considered 
to  be  large. 


Table  145  - Summary  of  Population  Served  by  Individual  Waste 
Disposal  Facilities,  Subregion  11  \J 


Subbasin 

Thousands 

Population 

Served 

Percent 

Subregion 

Population 

Percent 

Subbasin 

Population 

North 

71.9 

3 . 6 

52.9 

Central 

744.8 

57.8 

46.1 

West 

114.2 

5.8 

51.5 

Tot  a 1 

930.9 

47.2 

Irrigation 


The  total  area  for  which  water  is  diverted  in  the  Puget 
Sound  Subregion  is  about  91,700  acres,  or  1 percent  of  the  total 
land  area.  Diversion  rates  per  acre  average  about  2.5  acre-feet 
per  year,  or  a total  volume  of  about  227.5  thousand  acre-feet 
per  year.  Abundant  quantities  of  water  are  generally  available 
for  use. 

Irrigation  is  not  considered  to  be  a major  pollution  source 
in  the  Puget  Sound  area.  The  conditions  peculiar  to  the  area 
tend  to  minimize  any  detrimental  effects  on  water  quality.  First, 
the  amount  of  water  applied  per  acre  amounts  to  about  35  percent, 
or  less,  of  the  35  to  50  inches  of  the  average  annual  precipita- 
tion that  falls  in  most  of  the  lowlands.  This  means  that  the 
more  easily  dissolved  constituents  have  already  been  removed. 
Second,  irrigation  water,  where  and  when  used,  is  usually  applied 
by  sprinkler,  the  method  which  is  most  efficient  and  least  likely 
to  cause  leaching  or  surface  washing.  Third,  the  subregion's 
mild  climate  permits  live,  viable  roots  to  abound  in  the  soil  even 
during  winter.  This  tends  to  utilize  all  of  the  available  nitro- 
gen and  to  prevent  its  being  leached  out  of  the  soil.  Fourth, 
little,  if  any,  phosphorus  would  be  leached  out  when  applied  as 
fertilizer,  because  Puget  Sound  soils  have  a high  iron  content 
that  tends  to  complex  phosphorus  into  the  insoluble  compounds. 


Agricultural  Animals 


The  grazing  and  feeding  of  farm  animals  are  also  sources  of 
wastes  in  the  Puget  Sound  Subregion.  Most  of  this  waste  that  is 
produced  receives  land  deposition,  but  rain  and  irrigation  waters 
flush  part  of  it  into  streams  and  ponds.  Dairies,  feedlots,  and 
other  animal  concentrations  along  streams  cause  accelerated  erosion, 
as  well  as  intensifying  the  potential  coliform  bacteria  and  biochem- 
ical oxygen  demand  in  the  water.  The  amount  of  animal  wastes  which 
reach  the  waterways  is  unknown.  However,  it  is  estimated  that  a 
potential  waste  loading  equivalent  to  that  from  a population  of 
3.4  million  exists  in  the  subregion.  If  only  five  percent  of  these 
wastes  reached  the  stream  through  feedlot  and  pasture  runoff,  it 
would  represent  an  organic  loading  of  100,000  PE.  A study  now 
being  established  on  the  dairy  herd  located  on  Washington  State's 
honor  farm  near  Monroe,  Washington,  should  provide  considerable 
specific  information  on  the  dairy  waste  problem. 
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Other  Land  Uses 

Land  use  practices  can  substantially  alter  the  physical 
environment  of  a river  basin  and  affect  water  quality.  The  pro- 
duction and  transport  of  sediment  are  the  most  significant  quality 
impairments  resulting  from  land  use  in  the  Puget  Sound  Subregion. 

The  subregion  is  heavily  forested,  with  84.6  percent  of  the 
total  land  area  classified  as  woodland.  Timber  harvesting,  along 
with  its  road  construction  requirements,  creates  the  most  serious 
accelerated  soil  erosion  problems  on  Puget  Sound's  forested  water- 
shed. Clear-cutting--a  standard  practice  in  the  Douglas  fir 
forests  of  this  area--can  lead  to  greatly  accelerated  erosion 
where  the  ground  cover  is  disturbed.  Yarding  methods,  such  as  the 
skyline  system,  can  minimize  ground  disturbance  and  not  result  in 
accelerated  erosion. 

Sediment  yield  ranges  from  0.1  to  0.5  acre-foot  per  square 
mile  per  year;  only  about  3 percent  of  the  subregion  has  a yield 
greater  than  0.2  acre-foot  per  square  mile  per  year.  The  few 
higher  yields  are  generally  associated  with  glacial  erosion. 

Most  of  the  sediment  probably  results  from  channel  erosion  on  the 
mountainous  watersheds.  The  most  damaging  type  of  sediment,  how- 
ever, apparently  results  during  peak  storm  runoff  as  scour  in 
mountain  channels  and  as  bank  erosion  in  alluvial  reaches  of  the 
larger  streams.  Some  scour  in  mountain  channels  is  associated  with 
logging  practices. 

The  cropland  (6.8  percent  of  the  total  land  use)  exists 
wholly  on  the  alluvial  fans,  on  the  gently  sloping  river  plains 
and  terraces,  and  on  open  foothills.  In  general,  these  areas  con- 
stitute only  minor  pollution  sources  resulting  from  the  runoff 
j of  organic  and  inorganic  pesticides  and  fertilizers.  Evidently 

, some  of  Puget  Sound's  croplands  have  fertilizers  applied  to  them 

at  rates  much  heavier  than  those  normally  used  in  other  parts  of 
the  State  of  Washington.  This  is  illustrated  by  the  fact  that 
3.1  percent  of  the  State's  farmland  that  is  in  Puget  Sound  received 
12  percent  of  the  total  fertilizer  reportedly  used  in  Washington 
in  1964.  Even  with  such  large  amounts  of  fertilizer  elements  being 
applied,  however,  little  is  leached  or  washed  away  in  the  surface 
waters . 


Recreation 


Water  quality  problems  caused  by  recreation  activities  are 
isolated  and  scattered  throughout  the  subregion.  Prior  to  improved 
sewage  treatment  facilities  effluent  from  septic  tanks  was  reaching 
the  streams  in  the  Snoqualmie  Pass  recreation  area,  especially  in 
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the  winter.  Several  recreation  home  developments  around  small 
lakes  in  West  Sound  have  been  halted  because  of  inadequate  waste- 
handling facilities,  resulting  in  bacterial  contamination  of  the 
lakes  and  ground  waters.  Wastes  from  boaters  periodically  con- 
centrate in  bays  in  the  San  Juan  Islands  and  West  Sound;  aesthet- 
ically displeasing  flotsam  and  litter  are  found  everywhere. 


Navigation  and  Dredging 


Commercial  vessels  are  a major  source  of  unquantified 
pollution  in  marine  waters.  While  at  dock,  these  ships  discharge 
raw  domestic  wastes  directly  into  the  harbor  waters.  For  a naval 
vessel  at  Bremerton,  this  may  amount  to  a waste  load  equivalent 
to  that  from  a town  of  3,000  people.  Other  wastes  from  ships  are 
the  oil  spills  and  bilge  waters  pumped  while  in  transit,  which 
contain  oil  and  other  petroleum  products.  These  create  the  oil 
slicks  on  the  Sound  which  ultimately  gather  into  oil  blobs  on 
the  beaches. 

Dredging  normally  is  carried  out  in  the  estuarine  areas 
where  sediment  and  waste  products  build  up  to  block  navigable 
waters.  In  areas  where  new  port  facilities  are  being  constructed, 
dredging  is  usually  a key  activity. 

Dredging  introduces  quantities  of  suspended  material  to  the 
local  water  prism.  In  those  bottom  areas  where  debris  and  sludge 
beds  have  built  up  from  industrial  waste  discharges  (e.g.  pulp 
mills),  dredging  frees  large  quantities  of  oxygen-demanding  or- 
ganics in  the  water  and  may  release  toxic  products  of  decomposi- 
tion. 


In  Puget  Sound,  dredging  is  an  important  activity.  It  has 
not  created  many  serious  water  quality  problems,  even  though  it 
has  generally  been  carried  out  with  little  regard  to  water  quality 
considerations.  The  main  impact  has  been  local  turbidity. 


Present  Water  Quality 


Systematic  measurements  of  water  quality  characteristics 
began  in  Puget  Sound  tributaries  in  June  1959.  At  that  time  a 
Water  Quality  Basic  Data  Program  was  put  into  operation  as  a 
joint  effort  of  the  Washington  Water  Pollution  Control  Commission 
and  the  Geological  Survey.  At  least  one,  and  often  two  or  three 
water  quality  stations  were  established  on  all  major  streams, 
usually  near  existing  gaging  stations.  Prior  to  that  time,  water 
quality  data  were  collected  for  specific  stream  reaches  on  a 
unique  study  basis. 
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Marine  waters  in  the  Puget  Sound  Subregion  have  had  charac- 
teristics measured  systematically  by  the  University  of  Washington, 
Department  of  Oceanography,  since  1948.  Only  temperature,  salinity, 
dissolved  oxygen,  and  phosophates  have  been  measured,  and  the  sta- 
tions have  been  widespread  throughout  the  major  areas  of  the  Sound. 
The  bays  and  harbors  have  been  generally  left  to  special  studies 
or  have  not  been  covered.  The  recent  Puget  Sound  Enforcement  Pro- 
ject of  FlvPCA  has  resulted  in  an  intensive  study  of  Bellingham 
Bay,  Everett  Harbor,  and  Port  Angeles  Bay.  Elliott  Bay  and 
Commencement  Bay  were  also  the  subject  of  some  previous  studies. 


Fresh  Waters 


The  streams  in  the  Puget  Sound  Subregion  generally  contain 
a high  quality  water  suitable  for  almost  all  uses.  However,  in 
the  lower  reaches  near  the  Sound,  urban  and  industrial  buildup  has 
had  a measurable  effect  on  water  quality.  Dissolved  solids  and 
bacterial  counts  are  significantly  higher,  and  dissolved  oxygen 
levels  are  lower.  A summary  of  important  water  quality  parameters 
for  selected  stations  is  presented  in  table  146. 

Dissolved  oxygen  concentrations  are  at  or  near  the  satura- 
tion level  (>80?o  saturation)  in  nearly  all  the  streams.  A few 
lower  river  reaches  are  subjected  to  the  discharge  of  large  quan- 
tities of  partial ly  treated  or  untreated  wastes,  with  depressed 
oxygen  levels  resulting.  These  areas  are  located  primarily  on  the 
lowlands  along  eastern  Puget  Sound.  The  esturial  reach  of  the 
Duwamish  River  has  low  dissolved  oxygen  levels  during  the  late 
summer  and  early  fall.  Bottom  oxygen  concentrations  have  ranged 
between  three  and  four  mg/1,  with  the  minimum  dropping  below  two 
mg/1.  Surface  concentrations  during  this  period  varied  between 
five  and  six  mg/1.  During  the  low  flow  period,  tides  arc  a pre- 
dominant factor  effecting  changes  in  dissolved  oxygen.  Minor  in- 
creases in  freshwater  flows  are  of  little  value  in  raising  oxygen 
levels  through  the  depressed  reach.  In  South  Tacoma,  Flett  Creek 
has  exhibited  dissolved  oxygen  levels  of  4.5  mg/ 1 during  the  fall. 
Also,  bottom  dissolved  oxygen  levels  approaching  0.0  mg/1  in  Lake 
Union  result  from  solids  deposits  during  past  heavy  industrial 
waste  loadings. 

Bacteriological  quality,  although  variable,  generally  re- 
flects the  density  of  urban  or  agricultrual  buildup.  High  den- 
sities of  total  coliform  organisms  most  often  occur  in  the  low- 
land areas  along  eastern  Puget  Sound.  Outside  these  developed 
lowlands,  the  streams  receive  little  waste  and  arc  of  excellent 
bacteriological  quality.  Coliform  densities  are  generally  above 
the  limit  for  safe  water-contact  recreation  (1,000  organi sms/100 
ml)  in  the  N'ooksack  River  near  Ferndale;  the  Skagit  River  near 
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Table  146  - Summary  of  Water  Quality  Data,  Subregion  11  — 
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D .0  • 

T 

Coli form 
MPN  / 

Color 

^PT-COj 

Hard . 

Turb. 

TDS 

Ortho 

PO4 

NO3-N 

I.ocat  ion 

(°C) 

100ml 

£H 

I'ni  t s 

(mg/1) 

(JTU) 

(mg/1) 

(mg/1) 

Whatcom  Lake 

near  Bellingham,  Wash. 

Mean 

10.7 

12.3 

184 

6.9 

— 

19 

— 

32 

0.01 

0.6 

Min. 

8.6 

3.5 

0 

6 . 6 

0 

18 

0 

28 

0.00 

0.1 

Max . 

13.0 

21.4 

930 

7.1 

10 

22 

15 

52 

0.03 

I.  I 

No.  of  samples 

77 

27 

27 

24 

24 

25 

12 

25 

12 

25 

Nooksack  River 
at  Demlng,  Wash. 

Mean 

11.2 

9.3 

727 

7.2 

— 

32 

— 

49 

0.02 

0.4 

Min . 

9.8 

2.4 

0 

6.9 

0 

22 

5 

35 

0.00 

0.0 

Max. 

13.4 

16.4 

24,000  . 

7.8 

50 

44 

330 

68 

0.21 

1 .0 

No.  of  samples 

41 

40 

41 

40 

40 

40 

20 

40 

37 

40 

Nooksack  River 

at  Ferndale,  Wash. 

Mean 

1 1 . 1 

9.  i 

2,488 

7.2 

— 

36 

— 

56 

0.02 

08 

Min. 

5.1 

2.0 

36 

6.8 

0 

22 

5 

32 

0.00 

0.1 

Max . 

13.6 

17.5 

24,000 

7.7 

25 

53 

700 

77 

0.05 

2.5 

No.  of  samples 

60 

60 

60 

57 

57 

57 

46 

57 

46 

57 

Skagit  River 

at  Marblemount,  Wash. 

Mean 

11.7 

8.3 

40 

7.3 

— 

22 

— 

32 

0.01 

0.3 

Min. 

9.7 

3.8 

0 

6.8 

0 

12 

0 

18 

0.00 

0.0 

Max . 

13.3 

15.2 

230 

8.0 

5 

30 

5 

44 

0.08 

1.1 

No.  of  samples 

37 

37 

37 

36 

36 

36 

15 

36 

33 

3C 

Sk»  it  River 

near  Mt . Vernon,  Wash. 

Mean 

11.2 

9.3 

1 .849 

7.1 

— 

22 

— 

35 

0.02 

0.4 

Min . 

9.3 

4.0 

0 

6.3 

0 

13 

0 

0 

0.00 

0.0 

13.7 

17.8 

24,000 

8.1 

20 

32 

350 

52 

0.07 

1.5 

No.  of  samples 

88 

87 

87 

84 

84 

86 

44 

86 

73 

86 

Samish  River 

near  Burlington,  Wash. 

Mean 

10.8 

9.7 

1 ,003 

7.1 

— 

27 

— 

49 

0.03 

2.2 

Min. 

7.0 

3.8 

0 

6.6 

0 

17 

0 

34 

0.00 

0.7 

Max . 

13.0 

19.0 

11,000 

7.6 

40 

44 

90 

71 

0.09 

4.7 

No.  of  samples 

39 

39 

39 

3b 

36 

36 

16 

36 

23 

36 

S.F.  St i 1 laguami sh  River 
near  Granite  Falls,  Wash. 

Mean 

11.7 

8.8 

182 

7.0 

— 

15 

— 

27 

0.02 

0.3 

Min. 

8.9 

1 .0 

0 

6.1 

5 

9 

0 

15 

0.00 

0.0 

Max. 

13.8 

17.7 

4,600 

7.4 

30 

29 

150 

42 

0.11 

0.7 

No.  of  samples 

36 

37 

37 

36 

36 

36 

12 

36 

33 

36 

N.F.  St i 1 laguami sh  River 
near  Arlington,  Wash. 

Mean 

11.6 

9.2 

182 

7.2 

— 

21 

— 

36 

0.02 

0.6 

Min. 

9.3 

2.3 

0 

6.7 

5 

12 

5 

22 

0.00 

0.  I 

Max . 

No.  of  samples 

13.8 

19 

17.6 

19 

930 

19 

7.6 

18 

30 

18 

34 

18 

110 

14 

55 

0.04 

1.0 

St i 1 laguami sh  River 
near  Silvana,  Wash. 

Mean 

11.1 

9.9 

204 

7.  I 

— 

22 

— 

37 

0.02 

0.6 

Min. 

4.8 

1.8 

0 

5.9 

0 

11 

0 

17 

0.00 

0.0 

Max . 

14.3 

22.8 

1,500 

7.6 

45 

39 

400 

58 

0.10 

2.0 

No.  of  samples 

87 

87 

87 

83 

83 

83 

44 

83 

72 

83 

Skykomish  River 

near  Cold  Bar,  Wash. 

Mean 

11.6 

8.8 

174 

7.  1 

— 

12 

— 

23 

0.01 

0.3 

Min. 

9.6 

2.6 

0 

6.5 

0 

7 

0 

13 

0.00 

0.0 

Max. 

13.9 

18.3 

2,400 

7.5 

20 

18 

20 

36 

0.06 

0.6 

No.  of  samples 

37 

37 

37 

37 

36 

38 

15 

38 

33 

38 

Table  l.Jb  (Continued) 


Co  1 i fo  rm 

C a 1 o r 

— 

— 

1 >rt  hu 

D.O. 

T 

MPN  / 

(IT -CO) 

Hard 

Turb . 

! 08 

L>«cat  i on 

(mn/1) 

(fC) 

100ml 

£ » 

i'n  i t s 

' y.y|) 

(.ITU) 

' -v  1 1 > 

(>y/|> 

fry  /l) 

Sultan  River 

at  Sultan.  Wash. 

Mean 

11.2 

9.9 

88 

7.0 



15 



27 

0.01 

0 4 

Min . 

8.5 

3.5 

0 

3.9 

0 

8 

0 

15 

0.00 

0.1 

Max . 

13.7 

21.3 

930 

K.  1 

20 

31 

75 

56 

0.07 

0.8 

No.  of  samples 

35 

34 

35 

35 

35 

35 

16 

35 

Snoqualmie  River 

at  Snoiji.a lmio  , Wash. 

Mean 

11. 1 

9.1 

1 ,439 

6.9 



12 



25 

0.02 

0.5 

Min. 

9.0 

3.2 

0 

6.2 

5 

6 

0 

14 

0.00 

0.0 

Max . 

13.2 

17.5 

4,600 

7.4 

40 

18 

40 

33 

0.12 

1 .8 

No.  of  samples 

36 

16 

35 

34 

30 

34 

14 

34 

31 

34 

To  It  River 

near  Carnation,  Wash. 

Mean 

11.1 

10.6 

84 

7.  1 



17 

--- 

33 

0.01 

0.4 

Min. 

8.7 

3.7 

0 

6.6 

5 

9 

0 

21 

0.00 

0.1 

Max. 

14.7 

23.2 

430 

7.5 

30 

27 

50 

47 

0.03 

1.0 

No.  of  samples 

35 

34 

34 

34 

34 

34 

15 

34 

31 

34 

Snohomish  River 

at  Snohomish,  Wash. 

Mean 

11.0 

10.0 

2,050 

6.9 

— 

15 



30 

0.02 

0.7 

Min. 

8.3 

4.0 

23 

6.4 

5 

8 

0 

14 

0.00 

0.0 

Max. 

14.0 

19.0 

24,000 

7.4 

20 

22 

160 

40 

0.12 

2.6 

No,  of  samples 

62 

62 

62 

59 

58 

59 

43 

59 

Green  River 

near  Auburn,  Wash. 

Mean 

11.1 

10.1 

1,225 

7.2 



24 



51 

0.03 

0.7 

Min . 

8.3 

3.5 

0 

6.2 

0 

14 

0 

30 

0.00 

0.0 

Max. 

14.1 

24 .2 

24,000 

7.9 

15 

39 

40 

71 

0.13 

1.9 

No.  of  samples 

88 

87 

86 

84 

83 

84 

45 

84 

73 

84 

Green  River 

at  Tukwila,  Wash. 

Mean 

9.7 

10.6 

17,289 

7.0 

— 

35 



72 

0.21 

2.0 

Min. 

6.2 

4.5 

230 

6.6 

0 

16 

5 

34 

0.05 

0.4 

Max . 

12.7 

20.0 

240,000 

7.6 

30 

133 

70 

lib 

0.89 

4 5 

No.  of  samples 

51 

50 

50 

48 

47 

48 

36 

48 

35 

47 

Cedar  River 

at  Renton,  Wash. 

Mean 

10.8 

10.6 

4 20 

7.2 

— 

24 



44 

0.03 

0.5 

Min. 

7.6 

4.1 

0 

6.9 

0 

16 

0 

34 

0.00 

0.0 

Max . 

12.5 

22.8 

4,600 

7.4 

10 

46 

25 

77 

0.28 

1.9 

No.  of  samples 

50 

51 

50 

46 

46 

46 

16 

46 

43 

46 

Sammamish  River 

at  B ’the  ! 1 , Wash  . 

Mean 

9.9 

12.2 

1,788 

7.1 

— 

39 

— 

71 

0.10 

1 .8 

Min. 

7.3 

5.0 

91 

6.6 

5 

31 

0 

57 

0.00 

0.3 

Max. 

12.5 

23.6 

11,000 

40 

55 

120 

100 

0.44 

6.3 

No.  of  samples 

57 

57 

56 

53 

53 

53 

22 

53 

50 

53 

Flett  Creek 

at  Tacoma , Wash. 

Mean 

8.9 

11.3 

5,343 

7.0 

— 

23 

— 

120 

0.20 

10.1 

Min. 

4.5 

7.3 

91 

6.  1 

5 

15 

0 

98 

i.o;? 

6.8 

Max . 

13.2 

20.1 

24,000 

7.8 

160 

36 

120 

156 

0.98 

13.0 

No.  of  samples 

36 

36 

36 

16 

16 

36 

36 

36 

16 

36 

Leach  Creek 

near  Steilacoom,  Wash. 

Mean 

10.7 

q.u 

1.566 

7.3 

— 

59 

— 

106 

0. 13 

4 .0 

Min. 

9.0 

5.8 

0 

. 

0 

38 

0 

81 

0.02 

1 . 3 

Max. 

12.6 

15.0 

11,000 

7.8 

too 

68 

15 

121 

0.19 

5.4 

No.  of  samples 

36 

36 

16 

36 

36 

36 

36 

36 

36 

36 

Table  146  (Continued) 


Location 

D.O. 

(mg/1) 

T 

(°C) 

Co l i form 
MPN'/ 
100ml 

£H 

Color 

PI-C0) 

Units 

Hard . 
(mg/1) 

Turb 

(JTU) 

TDS 

Ort  h 

PO4 

( mg  ! 1 ) 

NO  -N 

(-T.,  1) 

Chambers  Creek 

near  Steilacoom,  Wash. 

Mean 

10.  1 

11.3 

933 

7.2 

— 

47 



84 

0.20 

4.2 

Min. 

8.3 

6.6 

0 

6.7 

0 

35 

0 

73 

0.04 

2.7 

Max . 

13.0 

17.4 

11,000 

7.8 

70 

56 

20 

100 

0.94 

56 

No.  of  samples 

50 

51 

51 

49 

49 

49 

36 

49 

36 

49 

White  River 

near  Sumner,  Wash 

Mean 

11.2 

10.7 

1,410 

7.3 

— 

30 

— 

63 

0.09 

0.7 

Min. 

8.4 

3.4 

0 

6.6 

0 

15 

0 

37 

0.02 

0.0 

Max. 

14.8 

26.0 

11,000 

8.7 

25 

47 

230 

88 

0.28 

3.3 

No.  of  samples 

51 

51 

51 

53 

53 

53 

45 

53 

47 

53 

Puyallup  River 

near  Orting,  Wash. 

Mean 

I J .4 

8.0 

115 

7.1 

— 

18 

— 

46 

0.03 

0.3 

Min. 

9.2 

1.0 

0 

6.2 

0 

13 

0 

32 

0.00 

0.0 

Max. 

13.4 

15.0 

4 30 

7.6 

40 

26 

500 

65 

0.14 

1.6 

No.  of  samples 

30 

29 

30 

32 

32 

32 

9 

32 

26 

32 

Puyallup  River 

at  Puyallup,  Wash. 

Mean 

10.8 

9.3 

5,521 

7.0 

— 

24 

— 

53 

0.05 

0.7 

Min. 

9.3 

2.9 

0 

6.3 

0 

16 

0 

36 

0.01 

0.1 

Max. 

12.4 

18.3 

24,000 

7.5 

20 

40 

400 

74 

0.13 

2.0 

No.  of  samples 

43 

42 

43 

42 

42 

42 

16 

42 

28 

42 

Deschutes  River 
at  Tumwater,  Wash. 

Mean 

10.7 

10.1 

646 

7.2 

— 

34 

— 

74 

0.07 

1 . 1 

Min. 

8.7 

4.0 

0 

6.6 

5 

20 

0 

54 

0.00 

0.6 

Max. 

11.7 

20.1 

2,400 

7.8 

20 

46 

30 

89 

0.12 

1.6 

No.  of  samples 

16 

16 

16 

15 

15 

15 

10 

15 

12 

15 

Nisqually  River 
at  McKenna,  Wash. 

Mean 

11.2 

9.5 

247 

7.1 

— 

20 

— 

47 

0.04 

0.3 

Min . 

8.6 

4.8 

0 

6.2 

0 

12 

0 

37 

0.00 

0.0 

Max . 

12.8 

20.0 

2,400 

7.5 

25 

28 

25 

61 

0.19 

0.9 

No.  of  samples 

37 

37 

37 

37 

37 

37 

16 

37 

33 

37 

Big  Quilcene  River 
near  Quilcene,  Wash. 

Mean 

11.4 

8.9 

42 

7.4 

— 

40 

— 

62 

0.03 

0.3 

Min. 

9.8 

3.6 

0 

6.8 

0 

30 

0 

43 

0.00 

0.0 

Max . 

13.5 

15.6 

4 30 

7.8 

15 

57 

5 

94 

0.32 

1 .0 

No.  of  samples 

27 

28 

29 

29 

28 

29 

10 

29 

27 

29 

Dose wa Hips  River 
at  Brinnon,  Wash. 

Mean 

11.6 

8.8 

29 

7.5 

— 

38 

— 

53 

0.02 

0.2 

Min . 

10.0 

3.9 

0 

6.9 

0 

24 

0 

38 

0.00 

0.0 

Max. 

13.6 

15.5 

230 

7.9 

10 

52 

80 

72 

0.10 

0.4 

No.  of  samples 

26 

28 

29 

29 

29 

25 

10 

29 

27 

29 

Duckabush  River 

near  Brinnon,  Wash. 

Mean 

11.8 

8.5 

84 

7.4 

— 

56 

— 

47 

0.01 

0.1 

Min. 

8.0 

4.1 

0 

7.1 

0 

20 

0 

33 

0.00 

0.0 

Max. 

13.9 

15.1 

4 30 

7.9 

10 

276 

25 

133 

0.07 

0.4 

No.  of  samples 

25 

26 

27 

27 

22 

26 

9 

... 

... 

--- 

Skokomish  River 

near  Potlatch,  Wash. 

Mean 

1 1 .0 

8.7 

5b 

7.3 

... 

27 

... 

45 

0.03 

0.2 

Min. 

9.6 

5.1 

0 

6.7 

0 

18 

0 

31 

0.00 

0.0 

Max . 

15.0 

13.5 

230 

7.8 

15 

33 

70 

52 

0.06 

0.7 

No.  of  samples 

24 

24 

25 

26 

26 

26 

10 

26 

24 

26 

Goldsborough  Creek 
near  Shelton,  Wash. 

Mean 

10.5 

10.4 

878 

7.4 

... 

71 

... 

99 

0.05 

0.6 

Min  . 

8.3 

4.5 

36 

6.8 

0 

20 

0 

40 

0.00 

0.0 

Max. 

12.5 

17.0 

4,300 

8.2 

20 

136 

20 

178 

0.13 

1 .9 

No.  of  samples 

23 

23 

23 

24 

12 

24 

12 

24 

12 

24 
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Mt.  Vernon;  the  Sammamish  River,  Issaquah  Creek,  and  Duwamish 
River,  all  near  Seattle;  Boise  Creek  near  Buckley;  the  Puya±lup 
River  and  Flett  and  Leach  Creeks  near  Tacoma.  Most  high  bacterial 
counts  result  from  municipal  waste  loadings,  either  untreated  or 
inadequately  treated.  In  some  rural  areas,  occasional  high  coli- 
form  densities  occur  from  runoff  from  dairy  farms  or  animal  feed- 
lots. 


Stream  temperatures  of  Olympic  rivers  are  generally  cooler 
than  those  of  rivers  on  the  east  side  of  the  Sound.  The  streams 
on  the  Olympic  Peninsula,  the  upper  Puyallup,  and  the  upper  Skagit 
have  maximum  recorded  water  temperatures  below  61°F.  (16°  C.)  and 
means  around  48°  F.  (9°  C.).  Maximum  temperatures  over  68°  F. 

(20°  C.)  have  been  recorded  on  the  Deschutes,  Nisqually,  lower 
Green  and  Cedar,  Sammamish,  Sultan,  Tolt,  and  the  creeks  around  Lake 
Steilacoom.  Their  average  water  temperatures  are  above  50°  F.  (10°  C. 
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Sediment  transport  by  streams  in  the  Puget  Sound  Subregion 
has  not  been  thoroughly  measured.  The  highest  concentrations  in 
some  streams  observed  in  recent  years,  mostly  since  1962,  were 
63,200  mg/1  on  the  White  River  near  Greenwater;  1,820  mg/1  on  the 
Green  River;  1,620  mg/1  on  the  Puyallup  River;  1,590  mg/1  on  the 
Duwamish  River;  1,220  mg/1  on  the  Cedar  River;  and  1,080  mg/1  on 
the  Nooksack  River.  With  the  exception  of  a few  streams  origin- 
ating in  glaciers,  most  streams  seldom  exceed  a sediment  concen- 
tration of  300  mg/1. 

Most  of  the  streams  in  the  Puget  Sound  Subregion  originate 
in  the  high  elevations  of  the  Cascade  or  Olympic  Mountains  and 
flow  over  relatively  insoluble  materials.  Rainfall  is  profuse, 
and  runoff  is  generally  rapid.  The  above  conditions  result  in 
waters  with  low  dissolved  solids  content,  which  averages  less 
than  75  mg/1  except  in  the  lower  reaches.  The  major  dissolved 
ions  in  the  water  are  calcium  bicarbonate  and  silica.  With  the 
exception  of  the  lower  reaches  of  the  Duwamish  River  and  the 
streams  below  Lake  Sammamish,  the  surface  waters  are  soft.  Hard- 
ness of  water  averages  40  mg/1  or  less,  and  the  maximum  hardness 
seldom  exceeds  60  mg/1.  There  is  some  downstream  increase  in 
mineralization  of  surface  waters.  The  increase  is  significant 
only  in  the  Duwamish  River  and  in  streams  in  the  Seattle-Tacoma 
area.  Data  from  the  Duwamish  River  indicate  considerable  varia- 
tion in  the  chemical  quality.  The  major  causes  of  this  variation 
are  the  influence  of  salt  water  from  Puget  Sound  and  the  discharge 
of  sewage  and  industrial  wastes. 


Measurable  iron  concentrations  occur  in  all  surface  waters 
of  the  subregion.  The  PHS  Drinking  Water  Standards  recommend  that 
soluble  iron  concentrations  do  not  exceed  0.30  mg/1  for  prevention 
of  objectionable  tastes  and  laundry  staining.  Most  concentrations 
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reported  in  Puget  Sound  are  total  iron  instead  of  the  more  sig- 
nificant soluble  iron  form;  therefore,  it  is  not  possible  to 
determine  the  extent  of  the  problem.  However,  it  is  known  that 
the  City  of  Anacortes  must  remove  iron  from  the  Skagit  River  be- 
fore it  can  be  used  as  a water  supply. 

The  fresh  waters  of  Puget  Sound  generally  have  low  levels 
of  nutrients  (phosphates  and  nitrates)  which  stimulate  nuisance 
growths  of  aquatic  organisms  such  as  algal  blooms.  Nitrate  con- 
centrations are  not  high  in  most  streams.  However,  such  concen- 
trations in  the  Samish  River  are  significantly  higher  than  in  any 
other  stream  in  the  Sound.  A mean  concentration  of  about  0.S1 
mg/1  and  a maximum  level  of  1.06  mg/1  are  carried  by  the  river. 
Boise  Creek  near  Buckley  and  Chambers,  Clover,  Flett,  and  Leach 
Creeks  near  Steilacoom  are  the  only  other  streams  carrying  average 
nitrate  concentrations  greater  than  0.30  mg/1.  The  phosphate  con- 
tent is  normally  quite  low.  Only  a few  streams  and  waterways  in 
the  Tacoma  and  Seattle  areas  receiving  partially  treated  or  un- 
treated domestic  and  industrial  wastes  exhibit  phosphate  concen- 
trations above  the  level  for  stimulation  of  algal  growth. 

A number  of  freshwater  lakes  in  the  Puget  Sound  Subregion 
have  been  adversely  affected  by  waste  discharges  and  by  flow  and 
land  management  practices,  tending  to  hasten  advanced  conditions 
of  eutrophy.  Water  quality  monitoring  for  coliform  bacteria  is 
currently  being  conducted  on  several  lakes  heavily  utilized  for 
recreation  purposes  and  for  public  supply.  A number  of  special 
studies  have  been  or  are  being  conducted  on  selected  lakes  such 
as  Lake  Washington,  Lake  Sammamish,  Green  Lake,  and  Lake  Whatcom. 

With  the  postwar  boom  in  Seattle,  greater  developments 
around  Lake  Washington  led  to  greater  volumes  of  treated  sewage 
being  discharged  into  the  lake.  By  the  1950's  the  lake  was  in 
the  early  stages  of  nutrient  enrichment,  with  undesirable  algal 
growth  and  excessive  weed  growths  reducing  the  water  quality  for 
domestic  supply  and  outdoor  recreation.  In  1962,  the  Municipality 
of  Metropolitan  Seattle  began  water  quality  studies  on  Lake  Wash- 
ington and  nearby  Lake  Sammamish.  Shortly  thereafter,  a program 
was  initiated  to  intercept  all  waste  discharges  into  Lake  Wash- 
ington and  dispose  of  them  in  the  Sound.  As  a result,  eutrophica- 
tion has  been  slowed  and  water  quality  of  the  lake  has  continued 
to  improve. 

Lake  Sammamish,  which  discharges  directly  to  Lake  Washing- 
ton, is  in  the  early  stages  of  eutrophication.  Its  condition 
corresponds  to  that  of  Lake  Washington  in  the  1950 's  prior  to  ex- 
tensive sewerage  interception.  Studies  of  Lake  Whatcom,  near 
Bellingham,  indicate  high  bacterial  concentration  along  the  north 
end  due  to  septic  tank  drainage.  Residential  developments  and 
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intensive  land  use  around  American  Lake,  south  of  Tacoma,  presently 
contribute  excessive  phosphorus  and  other  nutrients  to  this  lake. 

Green  Lake--heavily  used  for  recreation  and  lying  completely 
within  a developed  residential  area  of  north  Seattle--had  a long 
history  of  algal  blooms  resulting  from  extensive  drainage  of  streets 
and  lawns  and  natural  springs.  Increased  algal  blooms,  swimming 
restrictions  due  to  high  coliform  counts  and  "swimmer's  itch," 
turbidity  and  loss  of  clarity  from  dead  algal  cells,  semi-domesticated 
waterfowl,  and  storm  overflows  led  to  a program  of  investigation 
and  rehabilitation  by  the  Seattle  Park  Department.  Seattle  presently 
flushes  the  lake  with  water  from  its  municipal  supply  system,  re- 
sulting in  elimination  of  most  of  the  water  quality  problems. 

! 

Marine  Waters 

The  Puget  Sound  is  composed  of  many  interconnected  inlets, 
bays,  and  channels  with  seawater  entering  at  the  western  end  and 
fresh  water  entering  at  many  points  along  the  system.  This  large 
complex  may  be  divided  into  nine  major  oceanographic  regions: 

Strait  of  Juan  de  Fuca,  Admiralty  Inlet,  Puget  Sound  Basin,  Southern 
Puget  Sound,  Hood  Canal,  Possession  Sound,  Bellingham  Bay,  San 
Juan  Archipelago,  and  Georgia  Strait. 

Marine  water  characteristics  are  dependent  upon  oceanographic 
and  meteorologic  conditions.  Throughout  the  Sound  a surface  layer 
of  less  saline  water  overlies  more  dense  seawater.  Near  the  mouths 
of  major  streams,  this  layer  is  quite  pronounced  and  stable.  The 
boundary  becomes  more  diffuse  as  the  freshwater  layer  moves  sea- 
ward as  a result  of  vertical  mixing,  but  the  surface  layer  is  never 
completely  destroyed.  The  waters  of  each  oceanographic  area  tend 
• to  be  fresher  as  one  proceeds  landward,  and  the  temperature  range 

, from  winter  to  summer  becomes  greater. 

Selected  measured  water  characteristics  are  shown  in  table 
147.  These  partially  illustrate,  in  a general  way,  the  variance 
in  water  characteristics  of  the  Sound.  Since  they  represent  such 
a small  group  of  measurements,  however,  they  do  not  indicate  the 
actual  maximum  or  minimum  levels,  nor  the  extent  of  spatial  vari- 
ance. In  addition,  these  few  parameters  give  only  an  incomplete 
definition  of  the  quality. 

A considerable  difference  in  the  water  characteristics 
frequently  exists  between  the  Strait  of  Juan  de  Fuca  and  the 
southern  tip  oc  Puget  Sound,  due  to  the  influence  of  river  water 
in  certain  ar^as  and  other  factors.  Salinities  vary,  on  the  aver- 
age, from  a winter  minimum  of  26.9°/oo  to  a summer  maximum  of 
35.1°/oo.  The  salinity  difference  between  the  surface  and  bottom 
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* Generalized  presentation  of  data. 
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waters  is  usually  less  than  3.0°/oo.  The  maximum  salinity  (about 
33°/oo)  for  most  areas  of  the  Sound  occurs  in  mid-August  in  re- 
sponse to  the  maximum  intrusion  of  oceanic  water  into  the  Strait 
of  Juan  de  Fuca.  But  the  maximum  surface  salinity  (about  31°/oo 
on  the  average)  does  not  occur  until  fall  when  the  freshwater 
contribution  from  the  rivers  has  decreased  to  its  lowest  point. 

Minimum  salinities  are  observed  in  winter,  with  a low  of  about 
29°/oo  at  the  surface  and  31°/oo  at  depth. 

Surface  temperatures  vary  from  an  average  low  of  about  44°  F. 

(7°  C.)  in  winter  to  about  52°  F.  (11°  C.)  in  summer.  The  extreme 
temperatures  range  from  a winter  low  of  38°  F.  (3°  C.)  and  a sum- 
mer maximum  of  over  68°  F.  (20°  C.)  in  areas  of  restricted  circu- 
lation. The  deep-water  temperatures  are  more  stable,  varying  from 
44°  F.  to  52°  F.  (7°  to  11°  C.).  Rarely  does  the  vertical  temper- 
ature difference  in  the  water  column  exceed  4°  F.  (2.2°  C.),  and 
it  is  usually  less  than  1°  F.  (0.6°  C.). 

Oxygen  content  varies  from  an  average  maximum  of  nine  mg/1 
in  the  winter  to  an  average  minimum  of  five  mg/1  in  the  summer. 

The  oxygen  content  of  Puget  Sound  waters  is  usually  above  five 
mg/1  at  all  depths.  The  dissolved  oxygen  content  of  the  surface 
waters  undergoes  final  diurnal  fluctuation  because  of  phytoplank- 
ton activity.  The  resulting  oxygen  production  by  the  phytoplank- 
ton may  cause  the  oxygen  content  to  exceed  19  mg/1  in  some  areas, 
with  values  of  9 to  11  mg/1  being  common  over  the  entire  Sound. 

Surface  phosphate  content  is  also  quite  variable  and  ranges 
from  nearly  zero  during  the  spring  plankton  bloom  to  over  two 
microgram  atoms  per  liter  in  the  winter. 

i 

Because  of  biological  activity  in  the  surface  waters  of 
; some  areas  like  Lynch  Cove  in  the  Hood  Canal,  organic  debris  rains 

, down  into  the  lower  layer.  Since  this  organic  debris  has  a high 

oxygen  demand,  the  oxygen  content  of  the  deeper  waters  may  often 
be  less  than  0.2  mg/1,  while  the  phosphate  content  increases  to 
more  than  four  microgram  atoms/1.  Under  proper  wind  conditions, 
this  low-oxygen-content  water  may  come  to  the  surface,  causing 
fish  kills.  This  is  a natural  phenomenon  and  is  not  associated 
with  any  industrial  or  domestic  wastes  discharged  into  Puget  Sound. 

The  surface-water  characteristics  of  some  areas  of  the  Puget  i 

Sound  are  modified  to  some  extent  by  effluent  from  pulp  mills  and 
other  wastes  from  industries  and  municipalities.  The  deep  waters 
off  Everett  Harbor  are  influenced  somewhat  by  a submerged  outfall 
serving  two  pulp  mills.  As  the  effluent  is  discharged,  it  mixes 
with  the  seawater  and  forms  a thin  layer  below  the  surface.  This 
layer  is  characterized  by  high  sulfite  waste  liquor  content  (be- 
tween 100  and  300  mg/1)  and  relatively  low  oxygen  content. 
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The  water  quality  of  Bellingham  and  Port  Angeles  Harbors 
is  also  modified  by  the  effluent  from  pulp  mills  in  the  vicinity 
which  are  a source  of  spent  sulfite  waste  liquor  fSKL) . 


Summary  of  Problems 


A graphical  summary  of  water  quality  problem  areas  in  the 
Puget  Sound  Subregion  is  shown  in  figure  108.  In  general,  serious 
water  quality  degradation  has  resulted  from  the  discharge  of  inade- 
quately treated  municipal  and  pulp  and  paper  mill  wastes.  Land 
runoff,  in  combination  with  municipal  wastes,  has  resulted  in 
eutrophic  conditions  in  several  lakes. 

Studies  for  the  Puget  Sound  Enforcement  Conference  have 
shown  that  pulp  and  paper  mill  effluents  in  Bellingham  Bay, 

Everett  Harbor,  and  Port  Angeles  Bay  caused  damage  to  the  indigen- 
ous marine  life  by  injuring  juvenile  salmon  migrating  through  the 
harbors,  by  suppressing  phytoplankton  activity,  by  damaging  oyster 
larvae  and  growth,  by  damaging  bottom  fish  eggs,  by  damaging 
bottom  organisms,  and  by  producing  overall  unattractive  aesthetic 
conditions . 

The  lower  reaches  of  the  Puyallup,  Duwamish,  Nooksack, 
Skagit,  White,  and  Sammamish  Rivers;  and  Issaquah,  Boise,  Flett, 
Leach,  and  Chamhers  Creeks  exhibit  coliform  densities  above  the 
limit  recommended  for  safe  water-contact  recreation.  In  addition, 
the  Duwamish  River  suffers  from  a dissolved  oxygen  deficiency 
during  the  summer  low  streamflow  period. 

Lakes  Washington,  Sammamish,  Green,  and  Whatcom  have  been 
adversely  affected  by  municipal  waste  loadings  and  by  flow  and 
land  management  practices,  which  have  resulted  in  bacterial  contam- 
ination as  well  as  excessive  nutrient  enrichment  of  the  lakes, 
causing  excessive  algal  activity. 


FUTURE  WATER  QUALITY  MANAGEMENT  NEEDS 

Based  on  the  projected  economic  development  of  the  Puget 
Sound  Subregion,  the  population  is  expected  to  increase  from 
1,972,700  in  1965  to  6,950,800  in  2020.  This  is  an  increase  of 
over  250  percent  for  the  subregion,  compared  with  an  increase  of 
121  percent  for  the  entire  Region. 

Figure  109  shows  the  projected  subbasin  populations  for  the 
years  1980,  2000,  and  2020.  The  projected  subbasin  and  service 
area  populations  for  municipal  and  rural  categories  are  presented 
in  table  148.  By  2020,  nearly  85  percent  of  the  subregion's 
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population  is  expected  to  be  located  within  the  Cedar-Green, 
Snohomish,  and  Puyallup  Subbasins.  The  municipalities  of  Everett, 
Seattle,  and  Tacoma  now  and  in  the  future  will  compose  the  largest 
megalopolis  in  the  Region. 

Future  economic  growth  to  1980  includes  a number  of  high- 
lights. Employment  will  approach  one  million  jobs,  and  gross  sub- 
regional product  will  almost  double.  Production  growth  for  the 
major  water-using  industries  is  expected  to  realize  an  82  percent 
increase  from  1965  to  1980  in  terms  of  value  added.  Food  and 
kindred  products,  paper  and  allied  products,  and  primary  metals 
are  projected  to  lead  this  growth.  Relatively  large  increases  are 
also  projected  for  chemical  and  petroleum  industries.  On  the  de- 
clining side  is  the  lumber  and  wood  products  industry. 

The  northern  portion  of  the  Puget  Sound  Subregion  is  pro- 
jected to  show  the  largest  increase  in  economic  activity  through 
1980.  Aluminum,  petroleum  refining,  and  university  and  research 
facilities  will  lead  the  way.  The  pulp  and  paper  industry  and  the 
wood  products  industry  will  also  expand.  In  the  central  portion, 
the  aerospace  industry  will  provide  the  driving  force.  Noticeable 
declines  in  economic  activities  will  be  felt  in  lumber  and  wood 


products  and  in  agriculture,  where  land  will  be  converted  to  urban 
uses.  Major  growth  in  the  western  part  will  stem  from  the  pulp 
and  paper  industry. 


Table  148  - Projected  Population, 

Subregion  11  (11)1/ 

1 

1 

1980 

2026 

; 

North  Subbasin 

1*8.8 

262.9 

369 . 8 

1 

Bellingham  Service  Area 

ss.o 

75.0 

100.0 

Municipal 

Rural 

So.o 

5.0 

72.5 

2.5 

100.0 

Other 

133.8 

187.9 

269.8 

Municipal 

Rural 

104.5 

29.5 

151.9 

36.0 

228.0 

41.8 

P 

Subtotal 

188.8 

262,9 

369.8 

Municipal 

Rural 

154.3 

34.5 

224.4 

38.5 

328.0 

41.8 

Central  Subbasin 

2,258.: 

3,618.0 

5.803.R 

Everett  Service  Area 

180.0 

250.0 

450.0 

tfcinicipal 

Rural 

180.0 

250.0 

450.0 

Seattle  Service  Area 

1.271.0 

2,079.9 

'.419.'’ 

Municipal 

Rural 

1.271.0 

2,079.9 

3,419.- 

Tacoma  Service  Area 

411.3 

570.6 

730.0 

Mun i c i pa 1 
Rural 

411.3 

570.6 

-30.0 

Other 

39S.  9 

717.5 

1 ,204.1 

Municipal 

Rural 

309.5 

86.4 

6J5.0 

102.5 

1,076.1 

128.0 

Subtotal 

2,258.2 

3,618.0 

5 , 8*'  3 . 8 

Mun i c i pa 1 
Rural 

2.171.8 

86.4 

3.515.5 

102.5 

5,6-5. 8 
128.0 

West  Subbasin 

279.9 

419.6 

635 . 8 

Olympia  Service  Area 

35.0 

4~.0 

67.0 

Municipal 

Rural 

35.0 

47.0 

67.0 

Bremerton  Service  Area 

70.0 

116.- 

169.  S 

Municipal 

Rural 

70.0 

116.7 

169.5 

Other 

1-4.9 

2S5  .9 

399.3 

m * 

Municipal 

Rural 

115.7 

59.2 

190.2 

65.7 

526.1 

73.2 

K l 

Subtotal 

279.9 

419.6 

635.8 

• 

r ' 

Municipal 

Rural 

220.7 

S9.2 

353.9 

65.- 

562.6 

73.2 

v • 

Total  Subregion 

2,726.9 

4,300.5 

6,809.4 

r ♦ 

Municipal 

Rural 

2,546.8 

180.1 

4,093.8 

206.7 

6 , 566 . 4 

243.0 

1/  the  muni \-ipal  population  is  defined  as  that  population 
discharging  wastes  to  a municipal  sewerage  system.  The 
rural  population  is  defined  as  the  residual. 


Municipal 


The  projected  municipal  raw  waste  production  for  the  Puget 
Sound  Subregion  is  presented  in  table  149.  The  population  served 
by  municipal  waste  collection  and  treatment  systems  is  expected 
to  increase  from  53  percent  in  1965  to  96  percent  by  the  year  2020. 

It  has  been  assumed  that  the  entire  populations  of  the  Everett, 
Seattle,  and  Tacoma  Service  Areas  will  be  served  by  municipal  systems 
at  that  time.  These  service  areas  will  account  for  70  percent  of 
the  raw  municipal  waste  production  in  2020,  as  compared  with  75 
percent  at  the  present  time.  The  Seattle  Service  Area  alone  will 
account  for  52  percent  of  the  total  raw  municipal  waste  production 
for  the  subregion. 


Table  149  - Projected  Municipal  Raw  Organic  Waste  Production 

Subregion  11  1/ 


1970  2/ 

1980 

(1,000's 

2000 

P.E.) 

2020 

North  Subbasin 

117.6 

192.9 

280 . 5 

410.0 

Bellingham  Service  Area 

79.5 

62.5 

90.6 

125.0 

Other 

38.1 

130.4 

189.9 

285.0 

Central  Subbasin 

1630.3 

2714.8 

4,395.0 

7,094.7 

Everett  Service  Area 

135.1 

225.0 

312.5 

562.5 

Seattle  Service  Area 

954.1 

1588.8 

2,599.9 

4,274.6 

Tacoma  Service  Area 

308.8 

514.1 

713.2 

912.5 

Other 

232.3 

386.9 

769.4 

1,545.1 

West  Subbasin 

181.5 

275.9 

442.5 

703 . 3 

Olympia  Service  Area 

28.9 

43.8 

58.8 

85.8 

Bremerton  Service  Area 

57.5 

87.5 

145.9 

211.9 

Other 

95.1 

144.6 

237.8 

407.6 

Total  Subregion 

1929.4 

3,183.6 

5,118.0 

8,208.0 

1/  A factor  of  1.25  was  applied  to  the 

municipal 

population 

component 

to  account  for  the  effects  of  small  commercial  establishments  and 
other  urban  activities  which  add  to  municipal  waste  loads. 

2/  Interpolated  from  1965  data  and  1980  population  projections. 


Industrial 

Projected  raw  organic  waste  loadings  for  the  major  indus- 
trial categories  are  presented  in  table  150.  By  the  year  2020,  it 
is  expected  that  industries  will  account  for  nearly  70  percent  of 
the  total  organic  waste  production  for  the  entire  subregion.  The 
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pulp  and  paper  industry  will  continue  to  be  the  largest  source  of 
organic  wastes,  contributing  approximately  60  percent  of  the  total 
industrial  waste  production. 


1970 

1980 

2000 

2020 

(1,000's 

P.E.) 

12,821 

12,868 

12,270 

11,224 

1,449 

2,065 

4,095 

7,560 

31 

34 

33 

28 

33 

41 

56 

74 

14,334 

15,008 

16,454 

18,886 

Table  150  - Projected  Industrial  Raw  Organic  Waste  Production 

Subregion  11  (11)  1/ 


Pulp  and  Paer 

Food  Products 

Lumber  and  Wood  Products 

Other 

Total 


1/  Industrial  raw  waste  production  derived  from  growth  indices, 
with  consideration  given  to  expected  changes  in  in-plant 
processes  and  technology. 

In  general,  increases  in  waste  production  are  expected  to 
occur  at  existing  operations  for  most  industries.  The  lumber  and 
wood  products  industry,  however,  is  expected  to  decrease  somewhat 
by  2020. 


Rural-Domestic 

lhe  projected  rural -domestic  waste  production  is  summarized 
in  table  151.  lhe  rural-domestic  waste  production  was  assumed  to 
be  equal  to  the  rural  population  component  shown  in  table  148. 

For  all  three  subbasins,  the  rural-domestic  waste  production  is 
expected  to  increase  somewhat  in  future  years. 

Table  151  - Projected  Rural  Domestic  Raw  Organic  Waste  Production 

Subregion  11 


1970  1/ 

1980 

2000 

2020 

( 1 ,000 's  P. 

E. ) 

59.4 

34.5 

38.5 

41.8 

525.3 

86.4 

102.5 

128.0 

95.9 

59.2 

65.7 

73.2 

680.6 

180.1 

206.7 

243.0 

Interpolated  from  1905  data  and  1 980  project! ons , 
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Irrigation 


About  91,700  acres  are  presently  irrigated  in  the  Puget 
Sound  Subregion.  The  Nooksack-Sumas  Subbasin  contains  the  most 
irrigated  lands--more  than  38,000  acres.  The  amount  of  water 
diverted  for  irrigating  the  91,700  acres  is  estimated  to  be  227,500 
acre-feet  annually,  less  than  0.5  percent  of  the  runoff  of  the  sub- 
region.  Irrigation  expansion  in  the  future  is  projected  to  be 
relatively  modest.  The  location  and  extent  of  suitable  land  are 
the  primary  limiting  factors.  Projected  acreages  are  138,100  by 
1980,  increasing  to  223,100  acres  by  2020.  Irrigation  practices 
are  not  now  considered  a significant  source  of  wastes  in  the 
Puget  Sound  Subregion  and  in  future  years,  through  increased 
efficiency  of  application,  irrigation  should  be  even  less  of  a 
pollution  source. 

Some  of  Puget  Sound's  cropland  receive  fertilizers  at  rates 
heavier  than  those  normally  used  in  other  parts  of  the  state. 

This  is  illustrated  by  the  fact  that  the  3.1  percent  of  the  state's 
farmland  which  is  located  in  the  Puget  Sound  Subregion  received  12 
percent  of  the  total  fertilizer  reportedly  used  in  the  state  in 
1964.  Even  with  large  amounts  of  fertilizers  being  applied,  little 
is  leached  or  washed  away  in  the  surface  waters.  The  increased 
use  of  fertilizers  does,  however,  represent  a significant  poten- 
tial source  of  nutrients  which,  with  proper  application  procedures, 
should  not  cause  water  quality  problems. 


Agricultural  Animals 


Farm  animals  produce  large  amounts  of  waste.  It  has  been 
estimated  that  the  waste  produced  by  one  cow  is  equivalent  to  that 
produced  by  about  6.4  persons.  Most  of  this  waste  produced  in 
Puget  Sound  remains  on  the  land,  but  rain  and  irrigation  waters 
flush  part  of  it  into  streams  and  ponds.  Dairies,  feedlots,  and 
other  animal  concentrations  along  streams  cause  erosion  as  well 
as  intensifying  the  potential  coliform  bacteria,  nutrients,  and 
biochemical  oxygen  demand  in  the  water. 

The  raw  organic  waste  production  by  the  livestock  popula- 
tion in  the  subregion  is  expected  to  be  equivalent  to  that  from 
a population  of  3,800,000  persons  in  19S0;  5,000,000  in  2000; 
and  6,600,000  in  2020.  This  would  account  for  approximately  20 
percent  of  the  total  raw  organic  waste  production  for  the  sub- 
region  by  2020.  The  percentage  of  cattle  on  feedlots  is  expected 
to  increase  by  the  year  2020,  which  will  further  concentrate  the 
wastes  from  this  source. 
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Other  Land  Uses 


Projections  of  land  use  in  the  subregion,  by  major  types, 
are  shown  in  table  152. 


Table  152  - Projected  Land  Use,  Subregion  11  (5)  (8) 


Land  Use 

1966 (L) 

1980 

(1,000's 

2000 

P.E.) 

2020 

Cropland 

591 

470 

403 

385 

Irrigated 

(92) 

(134) 

(180) 

(216) 

Nonirrigated 

(499) 

(336) 

(223) 

(169) 

Forest 

6,429 

6,419 

6,336 

6,189 

Range  1/ 

105 

105 

100 

92 

Other  2/ 

1,322 

1,433 

1,576 

1,737 

Total 

8,447 

8,427 

8,415 

8,403 

1/  Does  not  include  forest  range. 

2 / Includes  barren  land,  roads,  railroads,  small  water  areas, 
urban  and  industrial  areas,  farmsteads,  airports,  etc. 


The  projections  show  a decrease  in  land  area  of  approximately 
35  percent  for  cropland  and  13  percent  for  forest  by  the  year  2020. 

The  number  of  farms  will  also  be  reduced  40  percent  by  1980 
and  66  percent  by  2020.  Future  declines  in  the  amount  of  farmland 
will  be  associated  with  urban  population  growth  and  industrial  ex- 
pansion. Agriculture  will  have  its  greatest  decline  in  the  central 
part  of  the  subregion,  where  over  30,000  acres  are  expected  to  be 
converted  to  urban  uses  by  the  year  2020.  With  this  conversion, 
there  is  potential  for  erosion  and  stream  damage  as  the  lands  are 
developed. 

Constituents  carried  in  the  water  draining  from  agricultural 
land  could  result  in  significant  water  quality  degradation.  The 
urban  dwellers  as  well  as  the  farmers  of  the  area  use  large  amounts 
of  petroleum  products,  fertilizing  minerals,  and  toxic  substances 
such  as  organic  and  inorganic  insecticides  and  herbicides.  The 
amounts  of  these  substances  are  expected  to  increase  in  the  future, 
since  the  proportion  of  farmland  used  for  crops  or  pasture  is  ex- 
pected to  increase  substantially. 


Recreation 


As  shown  in  table  153,  wastes  generated  by  recreational 
activity  are  projected  to  increase  to  1,351,800  PE  by  2020--more 
than  six  times  present  levels.  These  wastes,  however,  will  account 
for  only  6 percent  of  the  cotal  wastes  produced  in  the  subregion. 
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Table  153  - Recreation  Wastes,  Subregion  11  1/ 


Year 

Population  Equivalents 

262,600 

1980 

360,800 

2000 

696,800 

2020 

1,351,800 

1 / Bureau  of  Outdoor  Recreation  and  U.S.D.A.  Forest  Service  Pro- 
jections for  total  man  recreation  days  (TMRD) . 

In  the  determination  of  wastes  from  recreation  activities, 
the  population  equivalent  is  based  on  the  total  annual  recreation 
day.  The  above  values  represent  the  daily  raw  waste  production 
for  a typical  summer  weekend. 

Other  Factors  Influencing  Water  Quality 

Dredging  normally  is  carried  out  in  the  estuarine  areas 
where  sediment  and  waste  products  build  up  to  block  navigable  waters. 
In  areas  where  new  port  facilities  are  being  constructed,  dredging 
is  usually  a prerequisite. 

Dredging  introduces  quantities  of  suspended  material  to  the 
local  water  prism.  In  those  bottom  areas  where  debris  and  sludge 
beds  have  built  up  from  industrial  waste  discharges,  dredging  frees 
large  quantities  of  oxygen-demanding  organics  in  the  water  and  may 
release  toxic  products  of  decomposition.  In  Puget  Sound,  dredging 
is  an  important  activity.  The  primary  effect  on  water  quality  has 
been  high  turbidity. 


At  the  present  time,  the  mining  of  heavy  metals  is  limited 
in  the  Puget  Sound  Subregion.  Economic  conditions  have  caused 
most  of  the  existing  mines  to  be  closed.  There  are  several  areas 
were  limestone  is  mined  for  use  in  pulp  mills  or  in  the  manufacture 
of  cement,  but  no  water  quality  problems  have  arisen  from  this 
activity.  Coal  is  being  mined  to  a limited  extent  in  two  loca- 
tions in  the  Puget  Sound  Subregion.  Many  other  large  deposits 
exist,  but  the  market  does  not  justify  the  mining  of  these  deposits. 
Although  there  has  been  some  water  pollution  in  the  past  from  coal 
mining  operations,  this  problem  has  been  eliminated. 


Few  effects  on  water  quality  have  been  documented  for  the 
24  major  reservoirs  in  the  subregion.  Ross  Dam  has  little  effect 
on  the  temperature  regime  of  the  downstream  reaches  of  the  Skagit 
River.  Probably  the  most  significant  adverse  effect  has  been  on 
the  White  River,  tributary  to  the  Puyallup.  Mud  Mountain  Dam  is 
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operated  as  a single-purpose  flood  control  structure,  storing  the 
winter  and  spring  floods  which  carry  substantial  suspended  material 
from  upstream  glaciers.  To  prevent  a buildup  of  this  material  in 
the  reservoir,  it  is  flushed  out  each  fall.  This  introduces  a large 
slug  of  sediment  to  the  White  River  during  the  low-flow  period, 
seriously  degrading  the  winter  quality.  This  operational  pro- 
cedure is  undergoing  review  to  find  a means  which  will  achieve 
the  same  results  without  the  severe  impact  to  water  quality. 

Lake  Whatcom  receives  inflows  diverted  from  the  Middle 
Fork  of  the  Nooksack  River,  which  contains  large  sediment  loads  of 
glacial  origin.  There  has  been  no  noticeable  effect  upon  the  lake 
from  suspended  material,  but  study  is  continuing  to  discern  any 
adverse  trend  that  may  develop. 

Control  of  waste  heat  produced  by  thermal  nuclear  power 
plants  will  be  important  in  the  maintenance  of  adequate  water 
quality.  For  all  proposed  power  plant  locations,  special  studies 
will  be  required  to  determine  treatment  or  controls  necessary  for 
protection  of  temperature  in  receiving  waters.  With  the  future 
outlook  for  nuclear  power  plant  development  one  of  considerable 
growth,  the  potential  threat  to  water  quality--and  in  particular  to 
the  ecological  balance  of  Puget  Sound  waters--is  great.  Sites 
located  on  fresh  waters  will  require  adequate  facilities  for  proper 
control  of  waste  heat  discharges  to  prevent  adverse  quality  and 
ecological  effects  on  the  rivers. 

Streamflow  management  can  also  have  an  impact  on  water 
quality.  When  streamflows  diminish,  water  quality  suffers. 
Management  programs  reflect  the  public’s  attitude,  and  achieve- 
ment of  good  water  management  and  the  flows  needed  can  be  realised 
only  with  the  support  of  the  people,  informed  and  aware  of  the 
problems  and  their  solutions. 


Quality  Goals 

The  water  quality  goals  discussed  in  this  section  represent 
the  levels  of  water  quality  required  to  fully  support  water  uses. 

In  managing  the  subregion's  water,  the  primary  purpose  is  to  protect 
or  enhance  the  quality  and  value  of  the  water  resources  and  to 
establish  regional  programs  for  the  prevention,  control,  and  abate- 
ment of  water  pollution  to  allow  maximum  use  of  the  resource  for 
all  beneficial  purposes. 

Under  the  Water  Quality  Act  of  1965  quality  standards  for 
interstate  and  coastal  waters  and  a plan  (dd)  lor  ii.-.plementat ion  and 
enforcement  of  such  standards  were  established  by  the  State  of 
Washington  and  approved  by  the  Secretary  of  Interior.  Their 
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primary  purpose  is  to  protect  high  quality  waters  and  upgrade 
polluted  ones.  They  also  provide  additional  tools  for  making 
objectives  and  clear  public  policy  statements  on  the  orderly  de- 
velopment and  improvement  of  the  water  resources. 

Washington  has  also  developed  water  quality  standards  for 
intrastate  waters  which  are  consistent  with  the  interstate  stand- 
ards . These  interstate  and  proposed  intrastate  standards  are 
the  basis  for  the  water  quality  goals  in  this  study. 

Each  stream  was  classified  as  to  its  intended  use,  in- 
cluding agricultural,  municipal,  industrial,  recreational,  fish 
and  wildlife  uses,  and  the  water  quality  standards  to  support 
each  use  include  not  only  the  criteria  or  levels  of  quality  neces- 
sary but  also  plans  to  implement  and  achieve  these  levels  of 
quality.  in  addition,  the  standards  incorporate  an  anti-degrada- 
tion provision  by  requiring  that  waters  whose  existing  quality 
is  better  than  the  established  standards  be  maintained  at  the 
existing  higher  quality  level.  The  parameters  used  in  the 
criteria  are  means  of  measuring  water  quality.  The  common  para- 
meters generally  used  are  dissolved  oxygen,  temperature,  turbidity, 
and  coliform  density. 

All  activities  which  discharge  wastes  into  the  waters  or 
affect  water  quality  must  provide  all  known  available  and  reason- 
able methods  of  treatment  and  control.  For  these  locations  in 
the  Puget  Sound  Subregion,  which  are  referred  to  in  the  imple- 
mentation plan,  the  general  policy  regarding  waste  treatment  was 
that  the  proposed  interstate  standards  would  require  secondary 
treatment  unless  it  could  bfe  shown  that  a lesser  degree  of  treat- 
ment could  be  utilized  without  violation  of  the  standards.  With 
approval  of  the  interstate  standards  by  the  Secretary  of  Interior, 
exceptions  have  been  made  to  allow  primary  treatment  with  adequate 
outfalls  and  disposal  area  evaluations  for  plants  at  several  cities, 
including  the  major  cities  of  Seattle,  Tacoma,  Port  Angeles,  and 
Anacortes,  with  the  provision  that  additional  treatment  would  be 
required  if  water  quality  standards  were  violated.  The  water 
quality  standards  for  interstate  and  coastal  waters  are  summarized 
in  table  154. 

The  above  uses  and  criteria  are  not  inclusive,  and  the 
water  quality  standards  should  be  consulted  for  specific  informa- 
tion. A copy  of  the  water  quality  standards  is  available  upon 


* For  all  classes,  the  permissible  increase  in  temperature  over  natural  conditions  is  less  than  1.8°  F. 
**  Exact  definitions  of  toxicity  can  be  found  in  the  Water  Quality  Standards. 


MEANS  TO  SATISFY  DEMANDS 

Most  of  the  present  and  future  needs  in  Puget  Sound  will  be 
met  if  adequate  waste  treatment  facilities  required  in  the  present 
and  proposed  quality  standards  are  installed  at  all  municipal,  in- 
dustrial, ana  recreational  areas.  This  will  reduce  the  amount  of 
residual  wastes  entering  fresh  and  marine  waters  to  levels  within 
their  assimilative  capability.  It  will  also  require  substantial 
new  waste  treatment  construction  in  the  near  future,  especially  by 
the  pulp  and  paper  industry.  Ports  will  need  to  provide  hookup 
facilities  for  commercial  vessels,  and  recreation  sites  will  have 
to  have  adequate  facilities  for  people  and  recreation  watercraft. 

Major  streams  where  flows  may  be  inadequate  in  future  years 
are  the  Cedar  and  Green  Rivers.  A potential  conflict  exists  on 
the  Cedar  River  between  future  municipal  water  supply  diversions 
and  the  need  for  flushing  inflows  to  Lake  Washington.  A detailed 
study  and  development  of  information  systems  including  computer 
models,  however,  should  be  undertaken  to  determine  flows  required 
for  this  purpose  and  potential  sources  of  supply.  Increased  future 
diversions  from  the  Green  River  by  the  city  of  Tacoma  may  also 
conflict  with  required  flows  for  water  quality  control  in  the  Grecn- 
Duwamish  River. 

Ultimately,  the  achievement  and  preservation  of  good  water 
quality  are  based  upon  people  operating  within  the  context  of  a 
political,  social,  and  economic  system.  The  attainment  of  adequate 
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water  quality  in  Puget  Sound  will  require  an  efficient,  adequately 
staffed  and  funded  water  quality  management  system  geared  for 
attacking  the  water  pollution  problem. 

Waste  Treatment 


Future  Waste  Discharges 

Adequate  waste  collection  and  treatment  facilities  are  the 
primary  means  for  achieving  desired  water  quality  objectives  in 
the  Puget  Sound  Subregion.  Although  other  elements  are  also 
necessary,  installation  of  adequate  waste  treatment  facilities  is 
considered  to  be  prerequisite. 

The  required  waste  collection  and  treatment  facilities  will 
be  the  major  tool  in  attainment  of  adequate  water  quality.  They 
do  not,  however,  guarantee  water  quality  improvement  but  represent 
only  the  initial  requirements.  If  additional  requirements  and 
actions  become  necessary  to  attain  desired  quality  levels,  the 
standards  and  implementation  plan  will  have  to  be  revised  accord- 
ingly. In  addition  to  the  standards  for  marine  and  esturial 
waters,  the  establishment  of  intrastate  water  quality  standards 
which  are  not  being  formulated  for  the  fresh  waters  will  aid  in 
quality  attainment  in  these  locations. 

For  purposes  of  the  Type  2 Puget  Sound  Study,  residual 
wastes  following  treatment  were  computed  using  secondary  treat- 
ment efficiencies  of  85  percent  for  1980  and  2000,  and  90  percent 
for  2020.  Primary  treatment  efficiencies  on  discharges  to  marine 
waters  were  assumed  to  be  35  percent  for  1980  and  2000,  and  40 
■«  percent  for  2020  to  reflect  more  advanced  equipment  and  processes. 

In  some  cases  it  may  be  practical  to  provide  higher  degrees  of 
waste  treatment  for  removal  of  residual  organic  materials  and 
nutrients.  These  treatment  levels  result  in  a much  higher  dis- 
charge than  those  based  on  the  Type  1 criteria  of  850o  efficiency 
in  1980  and  90".  in  2000  and  2020. 

Based  on  Type  1 and  Type  2 treatment  levels  and  raw  waste 
projections  presented  earlier,  the  projected  municipal  and  indus- 
trial organic  waste  loadings  are  presented  in  table  155. 
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Table  155  - Projected  Municipal  and  Industrial  Organic 
Waste  Discharges,  Subregion  11 


1980 

2Q00 

2020 

Subbasin 

(1,000's  P.I 

= 0 

Based  on  Type 

2 Criteria: 

North 

1,161.5 

1,425.6 

1 , 529 . 4 

Municipal 

88.5 

120.4 

149.8 

Industrial 

1,060.1 

1,280.0 

1,351.9 

Recreation 

12.9 

25.2 

27.7 

Central 

3,405.3 

4,854.5 

6,215.1 

Municipal 

1,623.9 

2,696.8 

3,991.3 

Industrial 

1,754.3 

2,106.3 

2,161.0 

Recreation 

27.1 

51.4 

62.8 

West 

1,193.5 

1,671.5 

1,942.3 

Municipal 

158.6 

267.5 

379.4 

Industrial 

925.1 

1,201.8 

1,249.9 

Recreation 

109.8 

202.2 

313.0 

Based  on  Type 

1 Criteria: 

Municipal 

477.5 

511.8 

820.8 

Industrial 

2,251.2 

1,645.4 

1,888.6 

TOTAL 

2,728.7 

2,157.2 

2,709.4 

Treatment  Costs 

Curves  showing  estimated  costs  of  constructing  (total 
capital)  and  operating  (annual  operation  and  maintenance)  muni- 
cipal sewage  treatment  plants  for  various  treatment  levels  are 
presented  in  the  "Means  to  Satisfy  Demands"  section  of  the 
Regional  Summary. 

Other  Pollution  Control  Practices 

Considerable  future  development  of  thermal  power  plants  is 
expected  in  the  Puget  Sound  Subregion.  With  this  development, 
large  amounts  of  waste  heat  will  be  generated  which  could  cause 
serious  water  quality  degradation  without  the  application  of 
adequate  control  methods.  With  potential  sites  for  thermal  power 
plants  being  located  on  both  the  fresh  and  marine  waters  of  the 
Puget  Sound  Subregion,  control  of  waste  heat  may  he  accomplished 
by  different  means. 
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For  those  plants  to  be  located  in  the  vicinity  of  Puget  Sound, 
evaluation  of  sites  must  involve  detailed  biological,  oceanographic, 
and  water  quality  assessment  acceptable  to  the  involved  Federal  and 
State  agencies  before  selection  and  acquisition  of  nuclear  power  plant 
sites . 

For  those  thermal  power  sites  located  on  the  fresh-water 
streams,  once-through  cooling  should  not  be  allowed  in  the  control 
of  water  quality.  Cooling  towers  or  possibly  lagoons  may  need  to 
be  employed  to  adequately  reduce  the  amounts  of  waste  heat  dis- 
charged. 

i 


Table  156  - Minimum 

Flow  Requi 

rements 

(cfs) , 

Subregion  11 

One- in -Ten -Year 

River 

1980 

2000 

2020 

Low  Flow 

Nooksack 

180 

350 

725 

760 

Skagit 

240 

455 

650 

5,100 

Stillaguamish 

20 

50 

40 

330  1/ 

Snoqualmie 

10 

20 

25 

450 

, Skykomish 

150 

285 

535 

490 

Snohomish 

400 

750 

890 

9,500  2/ 

Puyallup  near  Puyallup 

105 

245 

270 

910 

White 

45 

120 

155 

340 

Puyallup  near  Tacoma 

140 

210 

240 

910 

Nisqually 

30 

50 

60 

405 

\j  Combination  of  North  and  South  Forks  near  \rlinr.ton.  Flow 

requirements  are  based  on  land  application  of  industrial  wastes. 
2/  Mean  annual  flow. 

The  control  of  oil  pollution  is  now  important  to  water 
quality  and  is  expected  to  become  more  important  in  the  future. 
Control  of  this  widespread  pollutional  source  will  involve 
finding  an  adequate,  legal  method  of  disposal  coupled  with  an 
effective  prevention-oriented  oil  pollution  control  program. 
Collection  systems  aboard  ships  and  offshore  collection  and  dis- 
posal facilities  must  be  provided  if  oil  pollution  is  to  be  pre- 
vented. Further  control  involves  implementation  of  an  efficient 
system  for  reporting  and  collecting  accidental  spills. 

Disposal  of  watercraft  wastes--trash,  garbage,  debris, 
sewage,  oil,  and  gasoline--directly  to  the  waters  without  treat- 
ment is  presently  a common  practice.  The  control  of  such  wastes 
will  largely  depend  on  legislation  prohibiting  the  discharge  of 
raw  sewage,  garbage,  or  trash  or  debris  by  requiring  these  wastes 
to  be  retained  in  holding  tanks  for  disposal  on  shore  or  on  the 
high  seas. 
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A monitoring  network  for  the  estuaries  and  marine  waters 
of  Puget  Sound  has  been  developed  as  specified  in  the  implementa- 
tion plan.  Adequate  decisions  concerning  waste  management  and 
water  quality  require  a basic  knowledge  of  the  water  character- 
istics. While  a number  of  Federal,  state,  and  local  agencies  and 
universities  are  actively  involved  in  the  monitoring  of  water 
quality  in  certain  locations  of  the  Puget  Sound  Subregion,  the 
overall  water  quality  characteristics  of  the  marine  waters  are 
not  adequately  defined. 

A basic  network  for  fresh-water  areas  exists.  It  requires 
some  expansion  now  and  will  undergo  readjustments  in  the  future 
as  the  conformation  of  waste  sources  changes.  Similarly,  the 
parameters  measured  will  be  adapted  to  the  needs.  A basic  network 
should  be  established  for  ground  water. 

Recreation  areas  will  be  increasing  in  number  throughout 
the  subregion.  Sewage  disposal  systems  adequate  to  cope  with 
weekend  loads  from  use  by  thousands  will  be  needed  in  many  recrea- 
tion areas. 


Minimum  Flow  Requirements 

Since  waste  treatment  does  not  provide  complete  removal 
of  contaminants  from  waste  streams,  some  streamflow  is  necessary 
for  assimilation  of  residual  wastes.  Virtually  all  streams  near 
the  Sound  require  some  flow  to  absorb  the  wastes  expected  to  be 
discharged  to  them.  In  the  future,  with  the  heavy  development  of 
recreation  in  the  headwaters  of  the  basins  creating  residual 
wasteloads  there,  it  will  even  be  necessary  to  maintain  adequate 
levels  of  flows  in  those  presently  remote  areas.  Present 
streamflows  during  the  summer  low-flow  period  exceed  flow  require- 
ments for  waste  assimilation  in  most  rivers. 

It  should  be  noted,  however,  that  the  flow  requirements 
are  based  upon  a presumed  settlement  pattern  and  assumed  indus- 
trial development  locations.  These,  as  previously  noted,  were 
primarily  extensions  of  the  present  patterns  and  would  result  in 
the  minimum  impact  on  the  streams  and  rivers.  Should  extensive 
urban  shifts  to  inland  areas  occur,  such  as  along  the  Snoqualmie 
or  Sti 1 laguamish  Rivers,  the  flow  requirements  would  be  markedly 
increased.  Again,  these  contingencies  were  not  investigated  nor 
built  into  the  plans.  The  recommended  minimum  flow  requirements, 
as  presented  in  table  156,  do  present  a reasonable  approximation 
to  maintain  adequate  future  water  quality  in  the  face  of  the  pro- 
jected growth,  presuming  the  planned  waste  treatment  facilities 
are  constructed.  Flows  presented  in  table  156  are  primarily  for 
downstream  reaches.  The  low  flow  expected  once  in  ten  years  is  also 
presented . 


Management  Practices 


At  the  present  time,  the  state  occupies  a strategic  position 
in  water  quality  management.  It  is  the  focal  point  and  has  the 
primary  responsibility  for  water  pollution  control.  The  ability 
of  the  pertinent  state  agencies  to  discharge  their  responsibilities 
must  be  strengthened  in  order  to  enhance  the  effectiveness  of  their 
roles  in  water  quality  management  by  engineering  and  planning  devel- 
opments . 


Stronger  land  use  controls  and  other  associated  controls 
must  be  developed:  (1)  that  give  significant  attention  to  the 

physical  capabilities  of  the  fresh  and  marine  waters  and  (2)  that 
give  protection  to  the  various  uses  of  water.  This  will  require 
a combination  of  actions,  including  the  regulation  cf  urban  and 
industrial  development,  maintenance  of  control  over  densities, 
and  narrowing  of  the  range  of  permitted  uses  to  be  compatible 
with,  and  complementary  to  water  quality  and  primary  water  use 
objectives . 


Zoning  can  be  a useful  tool  to  preserve  water  quality  and 
to  protect  the  uses  of  water,  provided  that  such  regulations  are 
prepared  in  conjunction  with  a carefully  worked  out  policy  or  com- 
prehensive plan  and  that  their  application  bears  a substantial  re- 
lationship to  the  health,  safety,  or  general  welfare  of  the  public 

The  poor  flushing  and  dispersion  characteristics  of  marine 
water  in  some  areas  indicate  that  the  location  of  new  industry 
must  be  constrained  so  as  to  minimize  its  adverse  effect  on  water 
quality.  Transport  characteristics  of  marine  waterways  in  South 
Puget  Sound  and  Hood  Canal  are  weak  and  poorly  defined.  Such 
bays  as  Port  Susan,  Skagit,  Samish,  and  Padilla  exhibit  poor 
flushing.  Other  local  areas  have  limited  waste  dispersion  cap- 
abilities, suggesting  that  future  wasteloads  must  be  kept  to  a 
minimum  in  these  areas.  By  the  same  token,  areas  with  good  water 
movement  and  replacement,  air  movements,  and  other  attributes 
should  be  indicated  as  good  industrial  sites  and  the  way  paved 
for  their  development  as  such. 


505 


ZO-QmnQjcu) 


t 


g 


& 

w, 

* 


SUBREGION 
OREGON  CLOSED 


1 2 

BASIN 


INTRODUCTION 


n 

f 


■j 


it 

i 


The  Oregon  Closed  Basin  Subregion  (figure  110)  encompasses 
the  high  Central  Oregon  plateau  with  internal  drainage  into  land- 
locked lakes.  The  subregion  is  sparsely  populated  and  is 
essentially  in  a natural  condition--relatively  undisturbed  by  man's 
activities. 

Few  important  pollution  sources  exist  in  the  closed  basin. 
Municipal  waste  sources  produce  wastes  totaling  about  4,500 
population  equivalents.  Industrial  organic  waste  production  by 
lumber  mills  is  considered  insignificant.  Irrigation  practices 
and  agricultural  animals  are  significant  sources  of  pollution. 

The  natural  setting  of  the  area  is  the  most  critical  factor 
affecting  water  quality.  As  a result,  the  streams  are  uniformly 
of  high  water  quality.  However,  evaporation  in  the  numerous  shallow 
lakes  with  large  surface  areas  has  resulted  in  brackish  water 
conditions  in  the  terminal  water  bodies. 


PRESENT  STATUS 


Stream  Characteristics 

The  principal  streams  are  the  Silvies  River,  draining  the 
northeast  portion  of  the  closed  basin;  the  Donner  and  Blitzen 
River,  draining  the  west  side  of  the  Steen  Mountains;  and  Silver 
Creek,  Chewaucan  River,  and  Deep  Creek,  draining  the  west  side  of 
the  closed  basin. 

The  surface  waters  do  not  reach  the  sea  but  form  interior 
drainages.  The  rivers  flow  from  the  mountains  and  lose  themselves 
in  the  valley  floor,  or  they  flow  into  one  of  the  several  lakes, 
the  largest  of  which  are  Malheur  Lake,  Harney  Lake,  Lake  Abert , 
Summer  Lake,  and  Silver  Lake. 

Average  annual  runoff  generated  within  the  subregion  is 
about  1,650  cfs  (1.19  million  acre-feet).  This  provides  an 
average  runoff  of  0.09  cfs  per  square  mile. 
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The  seasonal  variation  in  runoff  in  the  west-side  streams 
' is  generally  characterized  by  two  peaks,  one  during  winter 

(usually  December)  and  a larger  one  in  the  spring  (generally 
April  or  May).  The  east-side  streams  have  only  one  peak,  which 
occurs  in  the  spring  (usually  April  or  May).  Table  157  presents 
average  monthly  discharge  data  for  selected  stations.  The  period 
of  low  runoff  most  often  occurs  between  the  months  of  July  and 
November.  One-in-ten-year  low  flows  are  used  to  predict  recur- 
rence frequency  of  critical  low  flows.  These  data  are  summarized 
in  table  158. 
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Table  157  - Mean  Monthly  Discharge,  Subregion  12  (12) 


Stream  and  Location 

Jan . 

Feb. 

Mar . 

A£T. 

Mav 

June 

Ju  I V 

“TEi 

Aug. 

Sept  . 

Oct . 

Nov . 

Dec. 

Mean 

fS) 

Deep  Creek  abuve  Adel,  Oregon 

52 

87 

165 

411 

387 

183 

26 

9 

10 

17 

27 

61 

120 

Honey  Creek  near  Plush,  Oregon 

8 

16 

37 

94 

85 

37 

4 

l 

0 

2 

3 

9 

25 

Chewaucan  River  near  Paisley,  Oregon 

66 

91 

150 

366 

487 

243 

56 

2? 

28 

36 

44 

74 

139 

| Silver  Creek  near  Silver  Lake,  Oregon 

8 

12 

22 

75 

65 

29 

20 

6 

5 

5 

4 

7 

22 

Silvies  River  near  Burns,  Oregon 

51 

132 

305 

800 

414 

129 

27 

10 

9 

16 

28 

44 

1 64 

Donner  and  Blitzen  River  near  Frenchglen,  Oregon 

i 

59 

84 

116 

218 

341 

252 

84 

40 

37 

46 

51 

59 

116 

Trout  Creek  near  Denio,  Nevada 

6 

7 

12 

33 

60 

32 

8 

3 

3 

5 

6 

6 

15 

Table  158  - One-in-Ten-Year  Low  Flows,  1 J Subregion  12  (12) 

One- in-Ten -Year 


i Stream  and  Location  Low  Flow 

r ' (cfs) 

Deep  Creek  above  Abel,  Oregon  <5 

Honey  Creek  near  Plush,  Oregon  0 

Chewaucan  River  near  Paisley,  Oregon  11 

Silver  Creek  near  Silver  Lake,  Oregon  <1 

Silvies  River  near  Burns,  Oregon  <5 

Donner  and  Blitzen  River  near  Frenchglen,  Oregon  20 

Trout  Creek  near  Denio,  Nevada  1.1 


1/  Period  of  1 month. 
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Impoundments  and  Stream  Regulation 

There  is  only  one  major  reservoir  in  the  subregion.  Thompson 
Reservoir,  which  has  a total  capacity  of  21,500  acre-feet,  is  oper- 
ated for  the  purpose  of  storing  water  for  irrigation.  There  are 
several  major  lakes  in  the  closed  basin,  but  none  are  regulated. 
However,  flows  from  a number  of  major  tributary  streams  are  par- 
tially diverted  to  irrigation  canals. 


Ground-Water  Characteristics 

Subregion  12  is  underlain  largely  by  alluvial  deposits  and 
volcanic  and  sedimentary  rocks  of  Miocene  or  younger  age  that  are 
capable  of  yielding  moderate  to  large  supplies  at  many  places. 
Permeable  aquifers  are  perhaps  more  widespread  than  in  any  other 
subregion.  However,  the  availability  of  ground  water  is  limited 
by  the  depth  to  the  water,  which  is  more  than  500  feet  over  con- 
siderable areas,  and  is  more  than  1,000  feet  at  some  places. 

Also,  the  annual  recharge  is  small  in  comparison  with  most  other 
subregions . 

Ground-water  quality  is  generally  poorer  than  in  other  sub- 
regions;  however,  dissolved  solids  commonly  are  less  than  1,000 
mg/1.  Excessive  sodium,  boron,  and  fluoride  cause  problems  at 
places.  Ground-water  temperatures  generally  range  from  about  47°F. 
(8.3°C.)  to  55°F.  (12.8°C.),  but  some  wells  yield  warm  to  hot 
water.  Subregion  12  contains  the  greatest  concentration  of  thermal 
springs  of  any  part  of  Oregon. 


j 

Pollution  Sources 

A summary  of  municipal  waste  treatment  facilities  is  pre- 
sented in  table  159. 


Table  159  - Summary  of  Municipal  Waste  Treatment  Facilities, 

Subregion  12  1/ 


Municipal 

Normal 

Population 

PE 

Waste 

Municipal 

Tributary 

before 

Treatment 

Discharge 

Discharge 

to  System 

Treatment 

Facilities 

PE 

Burns,  Oregon 

3 , 500 

3,500 

Land , 

0 

Lagoons 

Hines,  Oregon 

1,000 

1,000 

Land 

0 

\J  FWPCA  inventory  of  municipal  and  industrial  wastes,  Oregon 
Closed  Basin,  1965. 


510 


I . 


1 


At  present,  municipalities  produce  wastes  equivalent  to  those 
from  a population  of  4,500  persons.  The  only  major  industries  in 
the  subregion  are  lumber  mills  which  generate  minor  amounts  of 
organic  wastes. 

Agricultural  animal  wastes  are  relatively  important  pollu- 
tion sources.  Wastes  from  the  rural-domestic  population,  recrea- 
tion, irrigation,  other  land  uses,  and  natural  sources  are  minor 
pollution  sources. 


Municipalities 

Approximately  4,500  persons,  or  34  percent  of  the  Oregon 
Closed  Basin  Subregion's  population,  are  served  by  municipal 
waste  collection  and  treatment  systems.  The  communities  of  Burns 
and  Hines  are  the  only  municipalities  providing  waste  treatment. 
Burns  operates  a waste  stabilization  pond  and  disposes  of  the 
waste  water  to  land.  The  community  of  Hines  practices  land  dis- 
posal of  its  domestic  wastes.  As  a result,  the  waste  load  reach- 
ing streams  is  relatively  minor.  The  small  town  of  Seneca 
presently  discharges  untreated  domestic  sewage  to  Silvies  River. 


Industries 

A lumber  company  at  Hines  is  the  only  major  industrial 
waste  source.  However,  no  data  are  available  concerning  the  firm's 
waste  production  and  treatment  facilities.  Seneca  and  Paisley  also 
have  lumber  mills. 


Rural-Domestic 

About  8,800  persons,  or  66  percent  of  the  subregion's  popu- 
lation, depend  upon  individual  waste  disposal  systems.  In  general, 
septic  tanks  and  some  type  of  subsurface  tile  drains  are  utilized 
for  waste  disposal.  The  actual  waste  load  reaching  waterways  is 
not  considered  to  be  large. 


Irrigation 

The  irrigated  land  in  the  closed  basin  amounts  to  about 
327,000  acres.  Approximately  749,000  acre-feet  of  water  are 
diverted  or  pumped  annually  to  the  fields.  An  estimated  44  per- 
cent of  the  applied  water  returns  to  streams  or  the  ground  water 
as  irrigation  return  flow. 
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Irrigation  is  a relatively  minor  pollution  source.  However, 
flood  irrigation,  which  is  used  extensively,  is  very  inefficient 
and  results  in  high  sediment  and  silt  loads  during  the  irrigation 
season . 


Agricultural  Animals 

Wastes  from  the  large  agricultural  animal  population 
represent  a significant  organic  loading.  The  animal  population 
produces  an  estimated  waste  load  equivalent  to  that  from  a popu- 
lation of  1.3  million  persons.  Even  if  95  percent  of  the  waste 
load  were  removed  by  natural  decomposition  and  soil  action,  about 
65,000  PE  would  still  eventually  reach  waterways. 

Present  Water  Quality 

Water  quality  in  the  Oregon  Closed  Basin  Subregion  has  the 
distinction  of  being  essentially  in  a natural  condition.  While 
the  chemical  quality  is  in  some  instances  less  than  desirable, 
there  is  no  use  interference.  In  fact,  the  nutrient  balance, 
coupled  with  the  wet  and  dry  extremes  characteristic  of  the  area, 
produces  an  ideal  ecology  for  biological  productivity  and  bird 
habitat . 

Water  quality  data  in  the  closed  basin  are  sparse.  Miscel- 
laneous samples  have  been  collected  at  various  times  at  several 
locations.  In  addition,  the  Oregon  State  Department  of  Environ- 
mental Quality  collects  samples  three  times  per  year  for  several 
streams  and  lakes. 

Oxygen  levels  are  generally  high  and  col i form  densities 
low,  as  would  be  expected  for  a relatively  unpopulated  area. 

The  Si  Ivies  River  currently  receives  raw  sewage  from  the  town  of 
Seneca;  as  a result,  bacterial  densities  below  the  community  are 
undesirable.  Based  on  several  samples,  MPN's  have  ranged  from 
2,400  to  7,000  organisms/100  ml  in  this  stretch  of  the  river. 

The  only  low  dissolved  oxygen  level  in  the  subregion  has  been 
recorded  in  Lake  Abert.  However,  considering  the  high  chloride 
content  of  the  lake  (10,000  mg/1)  and  no  appreciable  coliform 
count,  no  sanitary  problem  appears  to  exist. 

Sediment  yield  in  the  subregion  is  known  to  be  small  and 
is  believed  to  be  less  than  0.1  acre-foot  per  square  mile  per 
year. 
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The  surface  streams  of  the  area  are  similar  in  chemical 
composition  to  most  of  the  streams  of  mountainous  origin  in  the 
State  of  Oregon.  The  waters  are  primarily  a calcium-magnesium 
bicarbonate  type  and  are  low  in  dissolved  solids  and  hardness. 

The  lakes  into  which  these  streams  flow,  however,  differ  greatly 
in  chemical  character  from  the  tributary  streams.  This  is  an 
area  of  interior  drainage  in  that  the  surface  waters  have  no  out- 
let to  the  sea  but,  rather,  drain  into  the  lower  elevations  to 
form  shallow  lakes  with  large  surface  areas. 

Because  of  the  volume  change  that  takes  place  as  a result 
of  evaporation,  the  dissolved  minerals  in  the  lakes  may  be  greatly 
concentrated.  The  mineral  concentration  of  the  lake  water  may 
become  several  hundred  times  that  of  the  streams  which  flow  into 
the  lake.  Several  of  these  lakes  contain  water  with  a dissolved 
solids  content  in  excess  of  30,000  mg/1.  In  addition  to  the 
concentration  of  the  lake  water  resulting  from  this  change  in 
volume,  a change  in  chemical  composition  may  also  take  place  as 
a result  of  the  precipitation  of  the  less  soluble  minerals. 

As  the  mineral  concentration  of  the  waters  increases, 
calcium  carbonate,  being  the  least  soluble,  will  precipitate  out 
of  solution  first.  If  there  still  is  calcium  available  in  solu- 
tion, gypsum  (calcium  sufate)  will  precipitate  next.  Sodium  and 
chloride  are  much  more  soluble  and  will  remain  in  solution.  If 
bicarbonate  is  present  in  excess  of  calcium,  as  is  the  case  in 
this  subregion,  considerable  quantities  of  this  ion  will  also 
remain  in  solution.  The  end  result  of  this  process  is  a very 
concentrated  waiter,  of  which  the  dissolved  solids  content  con- 
sists almost  entirely  of  sodium,  bicarbonate,  and  chloride.  The 
actual  chemical  composition  of  a given  closed  lake  will  depend  to 
a great  extent  upon  the  chemical  character  of  the  tributary  waters. 

Summary  of  Problems 
Si  Ivies  River  below  Seneca 

As  shown  in  figure  111,  bacterial  levels  of  the  Silvies 
River  below  Seneca  are  above  safe  limits  recommended  for  water- 
contact  recreation.  These  levels  are  the  result  of  several  raw 
sewage  discharges  from  the  community  of  Seneca. 

Salinity  Level  in  Lakes 

Most  of  the  lakes  are  too  saline  for  any  normal  domestic 
or  industrial  use  and  are  not  large  enough  to  make  mineral  recovc;  -• 
economical 1 practical. 
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FUTURE  WATER  QUALITY  MANAGEMENT  NEEDS 


Based  on  the  projected  economic  development  of  the  Oregon 
Closed  Basin  Subregion,  the  population  is  expected  to  increase 
from  13,300  in  1965  to  21,300  in  2020.  This  is  an  increase  of  60 
percent  for  the  subregion  compared  with  121  percent  for  the  region. 

The  projected  populations  for  the  years  1980,  2000,  and 
2020  are  shown  in  table  160. 


Table  160  - Projected  Population,  Subregion  12  (5)  1/ 


1980 

2000 

(thousands) 

2020 

Total  Subregion  1/ 

16.3 

18.7 

21.3 

Municipal 

6.9 

9.5 

12.5 

Rural 

9.4 

9.2 

8.8 

1/  Differences  between  totals  in  this  table  and  source  are  due 
to  diffences  in  subregion  boundaries.  The  source  is  based  on 
economic  boundaries  and  this  table  is  based  on  hydrologic 
boundaries.  The  municipal  population  is  defined  as  that  popu- 
lation discharging  wastes  to  a municipal  sewerage  system. 

The  rural  population  is  defined  as  the  residual. 


Future  Waste  Production 


Municipal 

The  projected  municipal  raw  waste  production  for  the 
Oregon  Closed  Basin  Subregion  is  presented  in  table  161.  The 
population  served  by  municipal  waste  collection  systems  is  expec- 
ted to  increase  from  42  percent  in  1965  to  59  percent  by  the  year 
2020. 


Table  161  - Projected  Municipal  Raw  Organic  Waste  Production  1/ 

Subregion  12 


1970 

1980 

2000 

2020 

(1,000's  P. 

.E.) 

Total  Subregion 

6.6 

8.6 

11.9 

15.6 

1/  A factor  of  1.25  was  applied  to  the  municipal  population 
components  to  account  for  the  effects  of  small  commercial 
establishments  and  other  urban  activities  which  add  to  munici- 
pal waste  loads. 
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1980  2000  2020 
Oregon  Closed  Basin 


LEGEND 

RURAL  POPULATION  ( THOUSANDS) 


MUNICIPAL  POPULATION  (THOUSANDS) 


FIGURE  112.  Projected  Population,  Subregion  12 


Industrial 


The  industrial  growth  indices  presented  in  table  162  show' 
no  significant  growth  for  the  lumber  and  wood  products  industry 
but  shows  food  products,  a very  small  industry,  to  more  than 
quadruple  by  2020.  Since  no  data  are  available  on  the  present 
production  of  raw  organic  waste,  the  projections  for  future  waste 
production  are  not  presented. 


Food  Products  1.61  3.21  4.40 

Lumber  and  Wood  Products  1.04  1.04  1.07 


It  should  be  noted,  however,  that  no  significant  change  in 
industrial  waste  loading  for  the  subregion  is  expected  during  the 
projection  period. 

I 

Rural-Oomest ic 

The  projected  rural-domestic  waste  production  is  presented 
in  table  163  for  the  years  1980,  2000,  and  2020.  lTie  rural-domestic 
waste  production  was  assumed  to  be  equal  to  the  rural  population 
component  shown  in  table  160.  The  decrease  of  rural -domestic  waste 
production  is  expected  to  be  less  than  one  percent  by  the  year  2020. 

i 

Table  163  - Projected  Rural  Domestic  Raw  Organic  Waste  Production, 

Subregion  12 

1970  1 980  300l  2020 

(1,000's  P.E.) 

Total  Subregion  9.0  9.4  9.2  8.8 


I rrigat ion 

In  1966,  there  were  approximately  327,000  acres  of  land 
irrigated,  which  were  supplied  an  annual  diversion  rate  of  two  and 
one-third  acre-feet  per  acre.  Irrigated  acreage  is  projected  to 
increase  to  330,000  acres  by  1980,  and  to  340,000  acres  by  2000, 
where  it  remains  up  to  2020. 


Table  164  - Present  and  Projected  Land  Use,  Subregion  12  (5)  (8) 

Land  Use  1966  1980  2000  2020 

(thousands  of  acres) 

i 

Cropland  365  363  361 

Irrigated  (317)  (324)  (326) 

Nonirrigated  (48)  (39)  (35) 

Forest  1,893  1,874  1,842 

Range  1 / 8,733  8,726  8,741 

Other  2/  404  413  424 

Total  11,395  11,376  11,368 

1 / Does  not  include  forest  range. 

2 / Includes  barren  land,  roads,  railroads,  small  water  areas, 
urban  and  industrial  areas,  farmsteads,  airports,  etc. 


352 

(332) 

(20) 

1,805 

8,767 

436 

11,360 


l 


Animals 


The  raw  organic  waste  production  by  the  livestock  popula- 
tion in  the  subregion  is  expected  to  be  equivalent  to  that  from  a 
population  of  1,300,000  in  1980,  1,800,000  in  2000,  and  2,300,000 
in  2020.  This  would  account  for  approximately  97  percent  of  the 
total  raw  organic  waste  production  for  the  subregion.  Most  of 
this  waste  remains  on  the  land,  however,  but  rains  and  irrigation 
waters  flush  part  of  it  into  streams. 


Recreation 

The  projected  raw  waste  production  by  recreation  activities 
in  the  subregion  are  summarized  as  follows: 

Year  Population  Equivalents  1/ 


1970 

8,600 

1980 

11,000 

2000 

19,000 

2020 

34,500 

In  the  determination  of  wastes  from  recreation  activities,  the 
population  equivalent  is  based  on  the  total  annual  recreation  days. 
The  values  represent  the  daily  raw  waste  production  for  a typical 
summer  weekend.  Excluding  animal  waste,  the  daily  waste  produc- 
tion from  weekend  recreation  activities  is  approximately  54  percent 
of  the  total  daily  waste  produced  in  the  subregion  during  the 
recreation  season. 

1/Bureau  of  Outdoor  Recreation  and  U.S.D.A.  Forest  Service 
Projections  for  total  man  recreation  days  (TMRD) . 
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Table  164  - Present  and  Projected  Land  Use,  Subregion  12  (5)  (8) 


Land  Use 

1966 

1980 

(thousands 

2000 

of  acres) 

2020 

Cropland 

365 

363 

361 

352 

Irrigated 

(317) 

(324) 

(326) 

(33  2; 

Nonirrigated 

(48) 

(39) 

(35) 

(20; 

Forest 

1,893 

1,874 

1,842 

1,805 

Range  1/ 

8,733 

8,726 

8,741 

8,767 

Other  2/ 

404 

413 

424 

436 

Total 

11,395 

11,376 

11,368 

11,360 

1/  Does  not  include  forest  range. 

2 J Includes  barren  land,  roads,  railroads,  small  water  areas, 
urban  and  industrial  areas,  farmsteads,  airports,  etc. 


Agricultural  Animals 


The  raw  organic  waste  production  by  the  livestock  popula- 
tion in  the  subregion  is  expected  to  be  equivalent  to  that  from  a 
population  of  1,300,000  in  1980,  1,800,000  in  2000,  and  2,300,000 
in  2020.  This  would  account  for  approximately  97  percent  of  the 
total  raw  organic  waste  production  for  the  subregion.  Most  of 
this  waste  remains  on  the  land,  however,  but  rains  and  irrigation 
waters  flush  part  of  it  into  streams. 


Recreation 


The  projected  raw  waste  production  by  recreation  activities 
in  the  subregion  are  summarized  as  follows: 


Year 


Population  Equivalents  1/ 


1970 

1980 

2000 

2020 


8,600 

11,000 

19,000 

34,500 


In  the  determination  of  wastes  from  recreation  activities,  the 
population  equivalent  is  based  on  the  total  annual  recreation  days. 
The  values  represent  the  daily  raw  waste  production  for  a typical 
summer  weekend.  Excluding  animal  waste,  the  dai ly  waste  produc- 
tion from  weekend  recreation  activities  is  approximately  54  percent 
of  the  total  daily  waste  produced  in  the  subregion  during  the 
recreation  season. 


1/Bureau  of  Outdoor  Recreation  and  U.S.D.A.  forest  Service 
Projections  for  total  man  recreation  days  (TMRD) . 
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Other  Factors  Influencing  Quality 


No  other  factors  than  natural  are  known  to  have  an  influence 
on  water  quality  in  the  subregion. 


Quality  Goals 


Water  quality  standards  were  adopted  by  the  State  of 
Oregon  for  the  surface  waters  in  the  subregion.  These  standards 
are  the  basis  for  the  water  goals  in  this  study. 

In  establishing  the  water  quality  standards,  each  stream 
was  classified  as  to  its  intended  use  and  criteria  set  to  protect 
these  uses  through  quality  levels  which  must  be  maintained.  The 
common  parameters  generally  used  are  dissolved  oxygen  concentra- 
tions, temperature,  turbidity,  and  coliform  density.  The  water 
quality  standards  are  summarized  in  table  165. 


Table  165  - Water  Quality  Criteria,  Subregion  12 


Coliform  Not  injurious  to  livestock 

watering,  public  health,  etc. 

Dissolved  Oxygen  6 mg/1 


Temperature 


2°F.  (1.1°C.)  increase  below 
64°F.  (17 . 7°C . ) 


pH 


6. 5-8. 5 


Turbi dity 


Not  objectionable 


The  above  uses  and  criteria  are  not  inclusive  and  the  water 
quality  standards  should  be  consulted  for  specific  information. 

A copy  of  the  water  quality  standards  is  available  upon  request 
from  the  Oregon  State  Department  of  F.nvironmental  Quality. 


MEANS  TO  SATISFY  DEMANDS 


Preserving  water  quality  in  the  Oregon  Closed  Basin  is 
unique  because  of  the  limited  amount  of  water  and  most  of  the 
waste  water  is  disposed  in  lagoons  and  on  the  land.  Although 
unique,  the  achievement  and  preservation  of  good  water  quality 
are  based  upon  proper  operation  within  the  context  of  a political, 
social,  and  economic  system. 


Waste  Treatment 


For  the  purpose  of  this  study,  the  treatment  efficiencies 
assumed  are:  85  percent  removal  for  1980  and  90  percent  for  2000 

and  2020.  The  projected  municipal  waste  loadings  shown  in  table 
166  are  based  on  the  above  treatment  levels  and  raw  waste  pro- 
jections presented  earlier.  The  industrial  organic  raw  waste 
production  is  considered  to  be  insignificant. 


Table  166  - Projected  Municipal  Organic  Waste  Discharge, 

Subregion  12 


1980 

2000 

(1,000's  P.F..) 

2020 

Total  Subregion 

1.3 

1.2 

1.6 

Treatment  Costs 

Curves  showing  estimated  costs  of  constructing  (total 
capital)  and  operating  (annual  operation  and  maintenance)  munici- 
pal sewage  treatment  plants  for  various  treatment  levels  are 
presented  in  the  "Means  to  Satisfy  Demands"  section  of  the  Regional 
Summary . 
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Other  Pollution  Control  Practices 

Flood  irrigation  is  used  extensively  in  the  subregion  and 
results  in  high  sediment  and  silt  loads  during  the  irrigation 
season.  More  efficient  irrigation  practices  are  needed  in  the 
subregion. 

Recreation  areas  will  be  increasing  in  numbers,  size,  and 
intensity  in  the  subregion.  Sewage  disposal  and  facilities  for 
the  collection  and  pickup  of  litter  and  garbage  must  be  provided. 


Minimum  Flow  Requirements 

Inasmuch  as  most  of  the  municipal  and  industrial  waste  is 
disposed  on  the  land,  minimum  flow  requirements  for  these  wastes 
will  be  negligible.  Minimum  flows  are  necessary  to  assimilate  the 
waste  from  irrigation  return  flows,  agricultural  waste  water  and 
other  nonpoint  sources.  In  addition,  a variety  of  chemical  sub- 
stances are  applied  to  the  land  for  such  purposes  as  insect  and 
weed  control  which  finds  its  way  into  the  streams. 

Management  Practices 

The  State  occupies  a strategic  position  in  water  quality 
management.  It  has  the  major  responsibility  for  pollution  con- 
trol by  requiring  the  adequate  treatment  of  all  waste  discharges. 

Stronger  land  use  controls  and  other  controls  must  be 
developed  that:  (1)  give  significant  attention  to  the  physical 

capabilities  of  the  water,  and  (2)  give  protection  to  the  various 
uses  of  water.  The  water  resources  are  presently  limited  in  the 
subregion  and  require  careful  management  of  the  available  supplies. 
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GLOSSARY 


ACRE-FOOT  - 43,560  cubic  feet  or  325,829  gallons. 

AQUIFER  - A geologic  formation  that  is  water-bearing  and  that 
transmits  water  from  one  point  to  another. 

BASIN  - A geographic  area  drained  by  a single  major  stream. 

BOD  (BIOCHEMICAL  OXYGEN  DEMAND)  - The  quantity  of  oxygen  utilized 
in  the  biochemical  oxidation  of  organic  matter  in  a specified 
time  and  at  a specified  temperature.  It  is  not  related  to 
the  oxygen  requirements  in  chemical  combustion,  but  is  deter- 
mined entirely  by  the  availability  of  the  material  as  a bio- 
logical food  and  by  the  amount  of  oxygen  utilized  by  the  micro- 
organisms during  oxidation. 

CFS  (Cubic  Foot  per  Second)  - A unit  of  discharge  for  measurement 
of  flowing  liquid  equal  to  a flow  of  one  cubic  foot  per 
second  past  a given  section.  Also  called  second-foot. 

COD  (CHEMICAL  OXYGEN  DEMAND)  - The  quantity  of  oxygen  utilized  in 
the  chemical  oxidation  of  organic  matter.  It  is  a measure 
of  the  amount  of  such  matter  present. 

CHLORINATION  - The  application  of  chlorine  to  water,  sewage,  or 
industrial  wastes  generally  for  the  purpose  of  disinfection, 
but  frequently  for  accomplishing  other  biological  or  chemical 
results . 

COLIFORM  BACTERIA  - A species  of  genus  escherichia  coli  bacteria, 
normal  inhabitant  of  the  intestine  of  man  and  all  vertebrates. 
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COLUMBIA-NORTH  PACIFIC  REGION  - The  geographic  area  including  all 
of  the  Columbia  River  Basin  in  the  United  States,  the  closed 
basin  portion  of  Oregon,  and  all  of  the  coastal  streams  of 
Oregon  and  Washington. 

COMPLETE  TREATMENT  - Coagulation,  sedimentation,  filtration,  and 
disinfection. 

CURIE  - A unit  quantity  of  any  radioactive  species  in  which  3.7  x 
lO*1'  disintegrations  occur  per  second. 

DO  (DISSOLVED  OXYGEN)  - The  oxygen  dissolved  in  sewage  water  or 
other  liquid,  usually  expressed  in  milligrams  per  liter  or 
percent  of  saturation. 
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EFFLUENT  - Sewage,  water,  or  other  liquid  which  is  partially  or 
completely  treated  or  in  its  natural  state,  as  the  case  may 
be,  flowing  out  of  a reservoir,  basin,  or  treatment  plant  or 
part  thereof. 

EUTROPHICATION  - The  process  of  overfertilization  of  a body  of 

water  by  nutrients  which  produce  more  organic  matter  than  the 
self-purification  processes  can  overcome. 

f (Self-purification  factor)  - the  self-purification  factor  is  an 
indication  of  the  ability  of  a stream  to  assimilate  a waste 
discharge.  It  is  defined  as  the  ratio  or  reaeration  (r)  and 
the  rate  of  deoxygenation  (k) : rate  of  self-purification  = 

r/k  = f where  f is  called  the  self-purification  factor. 

GPD  - Gallons  per  day. 

GPCD  - Gallons  per  capita  per  day. 

HARDNESS  - A characteristic  of  water;  chiefly  due  to  the  existence 
therein  of  the  carbonates  and  sulfates  and  occasionally 
nitrates  and  chlorides  of  calcium,  iron,  and  magnesium; 
which  causes  "curdling"  of  the  water  when  soap  is  used, 
increased  consumption  of  soap,  deposition  of  scale  in  boilers, 
injurious  effects  in  some  industrial  processes,  and  sometimes 
objectionable  taste  in  the  water.  It  is  commonly  computed 
from  the  amounts  of  calcium  and  magnesium  in  the  water  and 
expressed  as  equivalent  calcium  carbonate. 

HYDROGEN  ION  CONCENTRATION  - The  weight  of  hydrogen  ions  in  grams 
per  liter  solution.  Commonly  expressed  as  the  pH  value  that 
represents  the  logarithm  of  the  reciprocal  of  the  hydrogen 
ior  concentration. 

JTU  (JACKSON  TURBIDITY  UNIT)  - The  JTU  is  a measurement  of  the 
turbidity,  or  lack  of  transparency,  of  water.  It  is 
measured  by  lighting  a candle  under  a cylindrical  transparent 
glass  tube  and  pouring  a sample  of  water  into  the  tube  until 
an  observer  looking  from  the  top  of  the  tube  cannot  see  the 
image  of  the  candle  flame.  The  number  of  JTU's  varies  in- 
versely with  the  height  of  the  sample  (e.g.  a sample  which 
measures  2.3  cm  has  a turbidity  of  1,000  JTU's  whereas  a 
sample  measuring  72.9  cm  has  a turbidity  of  25  JTU's). 

MGD  (Millions  of  Gallons  per  Day)  - A flow  of  one  mgd  for  one  year 
equals  112  acre-feet.  Also,  one  mgd  equals  1.597  cfs. 


MC./L  - Milligrams  per  liter. 


MPN  (Most  probable  number)  - In  the  testing  of  bacterial  density 
by  the  dilution  method,  that  number  of  organisms  per  unit 
volume  which,  in  accordance  with  statistical  theory,  would 
' be  more  likely  than  any  other  possible  number  to  yield  the 

observed  test  result  or  which  would  yield  the  observed  test 
result  with  the  greatest  frequency.  Expressed  as  density  of 
organisms  per  100  ml. 

MAJOR  SERVICE  AREA  - Arbitrarily  selected  service  areas  containing 
significant  portions  of  the  region's  population  and  industry-- 
(e.g.  Seattle,  Tacoma,  Everett,  Portland,  Salem,  Eugene- 
Springfield,  Spokane.) 
j 

OBE  - Office  of  Business  Economics. 

PE  - (POPULATION  EQUIVALENT)  - The  measure  of  the  strength  of  a 
waste  effluent  converted  to  an  equivalent  number  of  people 
which  would  be  required  to  produce  the  same  biochemical 
oxygen  demand  in  one  day.  One  PE  is  0.16  of  a pound  per  day 
of  biochemical  oxygen  demand  as  exerted  by  the  wastes  from 
one  person. 

PICOCURIE  - 10‘12  curies. 

pll  - See  Hydrogen  ion  concentration. 

POLLUTION  - Pollution  is  the  alteration  of  the  physical,  chemical, 
or  biological  properties  of  water,  or  a discharge  of  any 
substance  into  water,  which  adversely  affects  any  legitimate 
beneficial  water  use. 

PRIMARY  WASTE  TREATMENT  - The  removal  of  settleable,  suspended, 

, and  floatable  solids  from  waste  water  by  the  application  of 

mechanical  and/or  gravitational  forces.  In  primary  treat  - 
- ment,  unit  processes  such  as  sedimentation,  flotation,  screen- 

ing, centrifugal  action,  vacuum  filtration,  dissolved  air 
flotation,  and  others  designed  to  remove  settleable,  sus- 
pended, and  floating  solids  have  been  used.  Generally,  a 
reduction  in  dissolved  or  colloidal  solids  has  been  obtained 
in  primary  treatment,  but  this  effect  is  incidental  and  not 
the  planned  purpose  of  primary  treatment. 

RUNOFF  - That  part  of  rainfall  or  other  precipitation  that  reaches 
water-courses  or  drainage  systems. 

SALINITY  - The  relative  concentration  of  salts,  usually  sodium 
chloride,  in  a given  water  sample.  It  is  usually  expressed 
in  terms  of  the  number  of  parts  per  thousand  of  chlorine  (Cl). 
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TERTIARY  OR  ADVANCED  WASTE  TREATMENT  - Selective  application  of 
biological,  physical,  and  chemical  separation  processes  to 
effect  removal  of  organic  and  inorganic  substances  that  resist 
conventional  treatment  practices. 

TURBIDITY  - (1J  A condition  of  a liquid  due  to  fine  visible  material 
in  suspension  which  may  not  be  of  sufficient  size  to  be  seen 
as  individual  particles  by  the  naked  eye,  but  which  prevents 
the  passage  of  light  through  the  liquid.  (2)  A measure  of 
fine  suspended  matter  (usually  colloidal)  in  liquids. 

TYPE  1 STUDY  - Framework  studies  and  assessment  (Type  1 Studies) 

are  the  evaluation  or  appraisal  on  a broad  basis  of  the  needs 
and  desires  of  people  for  the  conservation,  development,  and 
utilization  of  water  and  land  resources  and  will  identify 
regions  or  basins  with  complex  problems  which  require  more 
detailed  investigations  and  analysis,  and  may  recommend  speci- 
fic implementation  plans  and  programs  in  areas  not  requiring 
further  study.  They  will  consider  Federal,  State,  and  local 
means  and  will  be  multiobjective  in  nature. 

TYPE  2 STUDY  - Regional  or  river  basin  studies  (Type  2 Studies) 
arc  reconnaissance- level  evaluations  of  water  and  land  re- 
sources for  a selected  area.  They  are  prepared  to  resolve 
complex  long-range  problems  identified  by  framework  studies 
and  assessments  and  will  vary  widely  in  scope  and  detail; 
will  focus  on  middle  term  (15  to  25  years)  needs  and  desires; 
will  involve  Federal,  State,  and  local  interests  in  plan 
formulation;  and  will  identify  and  recommend  action  plans  and 
programs  to  be  pursued  by  individual  Federal,  State,  and  local 
entities.  They  will  be  multiobjective  in  nature. 


S.A.R.  (Sodium  Xdsorption  Ratio)  - A ratio  for  soil  extracts  and 
irrigation  waters  used  to  express  the  relative  activity  of 
sodium  ions  in  exchange  reactions  with  soil. 

SECONDARY  WASTE  TREATMENT  - The  removal  of  dissolved  and  colloidal 
materials  that  in  their  unaltered  state,  as  found  in  waste 
water,  are  not  amenable  to  separation  through  the  application 
of  primary  treatment.  Secondary  treatment  is  generally 
accomplished  through  unit  processes  such  as  bioabsorption, 
biological  oxidation,  wet  combustion,  other  chemical  reactions, 
adsorption  on  surface-active  media,  change  of  phase,  or  other 
processes  that  result  in  the  removal  of  colloidal  and  dis- 
solved solids  from  waste  waters. 
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SEDIMENT  - (1)  Any  material  carried  in  suspension  by  water  which 
will  ultimately  settle  to  the  bottom  after  the  water  loses 
velocity.  (2)  Fine  water-borne  matter  deposited  or  accumulated 
in  beds. 

SERVICE  AREA  - A service  area  is  an  area  described  for  planning 
purposes  whose  boundaries  include  the  future  population  or 
industrial  activities  which  could  logically  and  functionally 
obtain  its  water  supply  and  waste  disposal  services  from  a 
central  or  integrated  system,  or  where  the  problems  are  so 
interrelated  that  the  planning  should  be  done  on  an  integrated 
basis . 

SUBBASIN  - A portion  of  a subregion  or  basin  drained  by  a single 
stream  or  group  of  minor  streams. 

SUBREGION  - The  subdivisions  of  a r g i on  defined  along  drainage 

basin  boundaries  for  study  and  report  purposes.  The  Columbia- 
North  Pacific  Region's  subregiot  at 


- 1.  Clark  Fork-Kootenai -Spokam. 

. 2.  Upper  Columbia 

3.  Yakima 

4.  Upper  Snake 

5.  Central  Snake 

6.  Lower  Snake 

7.  Mid  Columbia 

8.  Lower  Columbia 

9.  Willamette 

10.  Coastal 

11.  Puget  Sound 

12.  Oregon  Closed  Basin 

IDS  - Total  dissolved  solids. 
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PARTICIPATING  STATES  AND  AGENCIES 

I 

STATES 

Idaho  Nevada  Utah  Wyoming 

Montana  Oregon  Washington 


FEDERAL  AGENCIES 


Department  of  Agriculture 
Economic  Research  Service 
Forest  Service 
Soil  Conservation  Service 
Department  of  the  Army 
Corps  of  Engineers 
Department  of  Commerce 
Economic  Development  Adm. 
National  Oceanic  5 Atmospheric 
Administration 
National  Weather  Service 
i National  Marine  Fisheries 

l - Service 

}.  ' Department  of  Health,  Education, 

§ Welfare 

Public  Health  Service 

l « 
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Department  of  Housing  § 

Urban  Development 
Department  of  Transportation 
Department  of  the  Interior 
Bonneville  Power  Adm. 

Bureau  of  Indian  Affairs 
Bureau  of  Land  Management 
Bureau  of  Mines 
Bureau  of  Outdoor  Recreation 
Bureau  of  Reclamation 
Fish  and  Wildlife  Service 
Geological  Survey 
National  Park  Service 
Department  of  Labor 
Environmental  Protection  Agency 
Federal  Power  Commission 


